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Chronicle and Comment 


Constitutional Amendments 


N p. 349 will be found an extensive statement cov- 
ering the suggestions that have been submitted to 
date with reference to changing the Second Vice-Presi- 
dents of the Society to make the governing body more 
representative of the different divisions of automotive 
engineering. 
Comments and additional proposals regarding this 
question will be appreciated by the Constitution Commit- 
tee and the Council. 


Detroit Section Contest 


M. WOOLSON, chairman of the Detroit Section, 

. has donated $100 to the Detroit Section for use as 

an award for the best paper submitted in a contest open 

to all members of the Society on the subject of Worth- 
while Improvements in Automobile Construction. 

The rules of the contest, which are given in full on p. 
331, require that all papers be received by the Detroit 
Section by April 20. The best four papers submitted, 
in the opinion of the judges, will be read at the May 5 
Meeting of the Detroit Section, decision as to the best 
paper to be made by a vote of the members present. 


Section Membership Competition 


N accordance with the action taken by the Sections 
Committee at the January Meeting, steps are being 

taken by Society Headquarters to determine the number 
of Society members in the territory to be assigned to 
each Section of the Society, so that Section membership 
figures may be given on a comparable basis. 

The Section territories that have been proposed have 
been determined by selecting counties coming within a 
30-mile limit for each city headquarters, 30 miles being 
considered a commuting distance. County lines are used 
instead of a 30-mile radius, as the latter method would 
complicate considerably the compiling of the membership 
records. 

The territorial assignments proposed have been re- 
ferred to the respective Sections for approval. 


Third and Last Call 
EMBERS who have not already placed their orders 


for Part II of Vol. 20 of the TRANSACTIONS, cover- 
ing the last half of 1925, should do so by March 12 to be 





assured of receiving a copy of this Part. An order blank 
was enclosed with the Meetings Bulletin of Jan. 17 and 
a second blank was printed in the advertising section of 
the February issue of THE JOURNAL on p. 126. 

Space was provided on these blanks for members who 
wish to place a single order to cover all future Parts of 
the TRANSACTIONS instead of ordering each Part sepa- 
rately. Such orders will be entered on a list to receive 
the Parts of TRANSACTIONS as they are issued in the 
future. Payment at the rate of $2 per Part for all 
copies ordered in this way is to be made upon the presen- 
tation of a bill prior to the publication of each Part. 


Another Student Group Formed 


HE first meeting of the Massachusetts Institute of 
Technology Student Group was held on Feb. 9 with 
an attendance of 125. Although its charter is awaiting 
approval by the Council, the Massachusetts Institute of 
Technology Student Group may be considered as being 
the second existing Student Group organized to date, 
the other being the Ohio State University Student Group. 
The membership of the Massachusetts Institute of 
Technology Student Group is over 50 and a membership 
campaign that is now being planned is expected to double 
this number. The Chairman of the Group is A. F. Un- 
derwood. The Faculty. Advisors are Charles F. Park, 
Dean A. Fales and Arthur L. Townsend. At the first 
meeting the Student Group had the privilege of hearing 
S. A. Moss, of General Electric Co., on the subject of 
Superchargers. The complete account of the meeting 
will be found on p. 337 of this issue. 


New England Section Leads 


HE New England Section has taken the lead in ser- 
vice engineering by initiating, in cooperation with 
the University Extension of the Commonwealth of 
Massachusetts, a course of lectures for service men on 
automotive engineering. The first lecture was given on 
Feb. 10 at the Massachusetts Institute of Technology. 
The course will consist of 10 lectures covering the funda- 
mental theory and construction of the automobile, the 
lectures being followed by a general discussion. The 
automotive equipment at the Institute will be used. 
Over 75 were enrolled in the course, the men being 
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largely employes of service stations, the majority of 
which are under the management of New England Sec- 
tion members. A nominal fee of $10 is charged for the 
course. 

It is believed that the New England Section has taken 
a very progressive step and the outcome of the experi- 
ment will be watched with interest, for, as emphasized 
at the Training Session at the Annual Meeting, there is 
a vital need for the training of men to meet the problems 
of servicing the automotive equipment in this Country. 


Owner-Driver Does Research Work 


UCH has been written concerning automotive re- 

search conducted in the laboratories of govern- 
mental and educational institutions and those of manu- 
facturing and commercial organizations, but we so 
seldom seriously undertake and conduct orderly investi- 
gations leading to constructive results originating with 
the private owner-driver that it is indeed refreshing to 
have the voluntary report printed on p. 325 of this issue 
of THE JOURNAL from L. C. Ryce giving the results of 
observations relative of Overflow Losses from Radiators 
first made entirely by chance and later followed by care- 
fully conducted trials in which definite data were ob- 
tained quite as accurately and methodically as would have 
been done by an experienced technical man. 

It has frequently been said that great advances 
speedily would be made in passenger-car design and 
construction if all chief engineers in the industry were 
compelled to adjust and maintain their own personal 
ears. Having a driving public made up of owners with 
inquiring minds such as Mr. Ryce evinces, these chief 
engineers might be compelled to make improvements 
without the necessity of personal experience in opera- 
tion and maintenance. May the industry be blessed with 
more owners like Mr. Ryce. 


Student Conference Held in New York City 


O create greater interest in the possibilities of the 

automotive industry as a field of endeavor, the Met- 
ropolitan Section sponsored a Student Conference at the 
Engineering Societies Building in New York City on 
Feb. 16 with over 150 students from nearby colleges in 
attendance. 

John Younger, of Ohio State University, spoke on The 
Future Executive, David Beecroft discussed An Industry 
Among Industries and President Hunt covered in a com- 
prehensive manner Opportunities in Design and Re- 
search in Automobile Engineering. In discussing the 
relationship between the designer and the research en- 
gineer, Mr. Hunt said in part: 


No designer can be successful without the ability to 
see where research is indicated and without a disposi- 
tion to use research facilities to the most efficient de- 
gree. No research man can be useful in automotive 
work who does not realize fairly accurately the lim- 
itations under which the designer has to work, and 
who does not possess a disposition to arrange his own 
work so that it will be of direct assistance to the de- 
signer at the earliest possible moment. 


The account of the Student Conference appears on p. 
412 of this issue. The papers presented will be re- 
printed in pamphlet form in order that copies may be 
distributed by the Sections desiring to interest students 
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at local colleges and universities in the possibilities of 
the automotive industry. 


March Handbook to be Mailed 


HE March, 1927, issue of the S.A.E. HANDBOOK, 

which is to be mailed to the members during the 
current month, will contain the new and revised stand- 
ards approved at the Annual Meeting of the Society. 
The complete personnel of the Divisions of the Standards 
Committee will also appear in this issue. 

In the March issue will appear for the first time an 
Index to Manufacturers of S.A.E. Standard Parts and 
Materials, which will list over 500 manufacturers in a 
position to supply the more than 200 parts and materials 
that have been standardized by the Society. This index 
constitutes an extension of the Index to Advertisers’ 
Products that has appeared in the first two issues of 
the S.A.E. HANDBOOK that have been issued in bound 
form. The list of manufacturers will include all com- 
panies filing with the Society a certificate to the effect 
that they are in a position to supply parts and materials 
in accordance with the §.A.E. Specifications. The Index 
to Manufacturers of S.A.E. Standard Parts and Materials 
should prove of great value to engineers and purchasing 
agents interested in specifying or buying parts and ma- 
terials made in accordance with S.A.E. Specifications. 


1927 Roster to Be Mailed 


HE 1927 Roster will be mailed shortly to the mem- 

bers who have ordered copies. As heretofore, the 
main divisions of the Roster are the alphabetical regis- 
ter of members; the list of companies, with names of 
members associated therewith; and the geographical 
register of members. In addition, members connected 
with the Army, the Navy, United States Government 
Bureaus, and schools and universities are listed sepa- 
rately. 

The Roster contains uptodate lists of the officers, com- 
mittee members and representatives of the Society and 
of officers of the Sections nominated for 1927-1928. 
Among the miscellaneous information given is a tabula- 
tion of the number of members residing in the various 
States of this Country. Over 4800 members are located 
in 11 States. In numerical order these are 


Michigan 1,107 
New York 1,056 
Ohio 624 
Illinois 361 
Pennsylvania 420 
Indiana 259 
California 267 
New Jersey 242 
Massachusetts 207 
Wisconsin 163 
Connecticut 133 
Total for 11 States 4,839 


The other members residing in this Country are lo- 
cated in 36 other States. In addition, 192 Affiliate Mem- 
ber Representatives and 215 Enrolled Students resident 
in this Country and abroad are on the rolls of the So- 
ciety. Three hundred and twenty-two members have 
their places of business outside of this Country. The 
total number on the rolls of the Society as of Jan. 15, 
1927, which is the date for which all of the figures are 
given above, is 5985. 
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The Society’s activities as well as 


research matters of general inter- 
est are presented in this section 








OVERFLOW LOSSES FROM RADIATORS 


Do They Occur After Stopping Engines That Were Not 
Overheated When Running? 


It has generally been considered that the cooling systems 
of automobile engines lose liquid mainly by evaporation due 
to overheating. That heat, stored in engines not overheated 
while running, may cause all these losses after engines are 
stopped, and that it probably does then cause the greater 
part of them; that, because some engines have vapor traps 
in their cylinder-heads when stopped downgrade, liquid is 
displaced from the jacket into the upper radiator-tank after 
such stops and overflows therefrom as liquid at a tempera- 
ture well below its 


boiling-point, and that any uptodate 
engine, while running at normal operating temperatures, 
may store heat enough to cause overflow of some 


vapor 
after any stop are novel possibilities, which L. C. Ryce, after 
discussing them with Dr. H. C. Dickinson’ and Prof. E. H. 
Lockwood’, both members of our Research Committee, pre- 
sents for consideration with the hope that others will inves- 
tigate them with care not available to him. The significant 
facts ascertained with his own car are stated. As further 
evidence of Mr. Ryce’s competency in carrying out investiga- 
tion in engine cooling, Dr. Dickinson recently stated that the 
Bureau of Standards followed with interest some road tests 
of glycerine-water mixtures, which Mr. Ryce had carried 
through of his own volition in July, and further that these 
tests evidenced the need of a more nearly foamless radiator 
glycerine than was then being produced for the market. 
The road tests made in the fall, which yielded the working 
hypothesis stated above, were fully reported to the Bureau 
of Standards at the time and received 
Mr. Ryce’s communication follows verbatim and, while it 
takes on somewhat the nature of an informal narrative, it, 
nevertheless, presents the matter clearly and is the more 
interesting in that it offers a pleasing departure from the 
style of the conventional research report. 


favorable comment. 


Everyone knows that automobile engines lose cooling 
liquid that does not leak out, and the liquid so lost 
seems generally supposed to be boiled out while the 
engine is running, being first evaporated and then 
overflowed from the radiator overflow-pipe as vapor. 
Granting that the upper radiator-tank is always full 
of vapor while the engine is running and that, if the 
radiator-cap is off or leaks badly, evaporation of liquid 
and overflow of vapor will be continuous at a tempera- 
ture well below the boiling-point, the boiling out that 
is generally supposed to occur while the radiator- 
cap is in place implies that the liquid is boiling when 
it reaches the upper radiator-tank. 

There seems to be warrant for raising the question 
whether an uptodate automobile powerplant, compris- 
ing a well-cooled engine, a powerful water-pump and 
an efficient radiator, does in fact boil out, while run- 
ning, more than a relatively small fraction of the large 
amount of cooling liquid that it actually loses and that 
does not leak out. I have repeatedly watched the stream 
of cars on the road and believe that a good car visibly 
overflowing vapor while in motion is a needle in a hay- 
stack. On the other hand, after examining about 20 
engines exhibited on the ground floor and in the gallery 
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at the New York Automobile Show, there seemed to be 
warrant for thinking that any one of a dozen of them 
could be made to lose possibly 25 per cent of its cool- 
ing liquid in one cold day on the road and without rais- 
ing the temperature of the cooling liquid, while running, 
to within 30 deg. fahr. of its boiling-point. If that 
were ascertained to be a fact, we might all know when, 
why and how losses from cooling systems occur and 
what to do and how to do it in order to be rid of some 
troubles that now perplex and afflict us, especially 
when winter comes and anti-freeze solutions are in use. 

The procedures to be used in trying to make these 
uptodate and popular cars lose say 25 per cent of 
their cooling liquid in 1 day would include nothing 
that the average user does not do from time to time. 
There would be no loss whatever while running. The 
loss would be expected after stops, which would not 
be preceded by long slowdowns and which would be 
made every few miles in order to get a large loss in 


1 day. In some cases liquid would probably be over- 
flowed. In others the overflow would be vapor. The 
only resource availed of in bringing on overflows 


would be heat stored in the metal of the engine before 
stopping. If loss occurs, the why and wherefore will 
be obvious. Prof. E. H. Lockwood has analyzed quan- 
titatively the possibility of loss in terms of the esti- 
mated weight of the metal from which heat then comes 
out of storage, the specific heat of the metal, its mean 
temperature above that of the cooling liquid at the 
stop, the estimated weight and the specific heat of the 
liquid that is then heated, and the latent heat of the 
liquid then evaporated. The vapor required to fill the 
vapor trap in the cylinder-head of the engine of my car 
and thereby to displace liquid into the upper radiator- 
tank in quantity sufficient to fill it and to cause over- 
flow from it is obtainable from a relatively small 
amount of stored heat. Overflows in the form of vapor 
import a relatively larger amount of stored heat; but 
it seems to me that the metal available in the engines 
I examined can store, at normal operating tempera- 
tures, enough heat to cause an overflow of vapor after 
every stop after cold weather, if the air volume through 
the radiator is reduced in order to maintain operating 
temperatures not higher than say 30 deg. fahr. below 
the boiling-point of the liquid. 

I disclaim the discovery of anything that is not ob- 
vious when attention focusses on it. The question 
raised is whether the obvious has been overlooked 
heretofore. That happens at times. It seems that 
other experimenters with cars of other makes, who 
may wish to find out what happens in their cooling 
systems, may desire to know just what happened when 
stored heat first performed its entire repertory and 
focussed my attention upon this matter. 

It was 75 deg. fahr. in Boston at 10 a. m. on Sept. 
25, 1926, and it was 79 deg. fahr. at 11 a. m. In 
Greenfield, Mass., it was probably 7 or 8 deg. cooler. 
Early that morning a 1927-model car, with a small 
six-cylinder engine cooled by mechanically circulated 
water, was driven about 40 miles to Greenfield and, 
without stopping there, at about 10 a. m. up the 7200 
ft. of continuous 6-per cent grade and concrete surface 
on Shelburne Mountain. 

The radiator was fitted with a hand-adjusted winter 
shutter. A long-distance motometer attached to the 
steering-post indicated the temperature inside the 
upper radiator-hose, which was 185 deg. fahr. at the 























than 40 experiments were recorded. Convincing 
various and sundry that the early ones had not dis- 
closed a blemish in an untypical engine was a rather 
long and uphill job, but eventually other experimenters 
obtained like results. Overflows of liquid can be had 
under normal operating conditions in a short time and 
distance and can occur without heating the liquid in 
the upper hose to the boiling-point. These are typical 
experiments, the stops being downgrade: 

(1) Without a window shutter and with 28 per 
cent of denatured alcohol by volume, the 
car was stopped in air at 38 deg. fahr. 
and with the long-distance motometer at 
130 deg. fahr. 3 miles after a cold start in 


The answer to that question is not of particular in- 
terest to users of radiator glycerine, because the vapor 
their radiators may overflow is steam. The answer 
will be of real interest to users of alcohol. When 
their engines become stills after a stop and when heat, 
coming out of storage, does a fractional distillation, 
the vapor that may overflow from their radiators is 
mostly alcohol. 

Users of alcohol as an anti-freeze solution have va- 
rious experiences. Some tell you that one charge suf- 
ficed for a winter’s driving, and expect you to believe 
it. Others report losing, and the undeniable fact is 
that they do lose, a great deal of alcohol that does not 
leak out. How much, when, how, and why they lose it 
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foot of the grade. Throttle and shutter were opened an unheated garage, and the overflow was the 
wide after rounding the reversed S with which the 5/16 qt. the motometer rising to 180 deg. ale 
climb begins and maximum speed was soon attained. fahr. The more uphill drive back and a rea 
Traffic impedence then required a slowdown to say little beyond to a stop at 140 deg fahr. ans 
32 m.p.h., after which maximum speed was again at- yielded 4/16 qt. additional overflow; total sto 
tained and held steadily to the top of the rise, which 9/16 qt. A round trip on the same course he: 
is about 1 mile beyond the reversed S. in air at 53 deg. fahr. yielded overflows / 
The run up the mountain was made to try out a of 1 5/16 qt. The pace was not above 40 is 
change made inside the carbureter. Carrying out the m.p.h. los 
procedure that frequent use of this scenic dynamometer (2) With a winter shutter thermostatically open- bu 
has made usual, the car was then run with closed ing wide at 180 deg. fahr. and with radia- no 
throttle down the short grade beyond the top and tor glycerine for protection to 0 deg. fahr., ca 
thence across the road and up the bank, with intent a drive of about 3 miles upgrade in air at lov 
to back into position to return to Greenfield. 31 deg. fahr. without exceeding 30 m.p.h. fo! 
A car on its way to Greenfield caused delay in back- and a stop at 165 deg. fahr. yielded an over- he 
ing. Noises suggestive of boiling were heard and the flow of 3/8 qt., the motometer rising to ' 
engine was stopped at once. Steam was escaping at 195 deg. fahr. los 
considerable velocity from the radiator overflow-pine (3) With a winter shutter thermostatically open- te! 
and continued to escape for what seemed a long time. ing wide at 165 deg. fahr. and with plain na 
When the efflux stopped water was not visible in the water, a drive of about 3 miles in air at tic 
radiator. Water had begun to overflow about 100 ft. 51 deg. fahr. yielded an overflow of 15/32 ar 
before the car ran up the bank and had stopped as qt., the long-distance motometer rising to of 
soon as the front wheels were well up the bank, steam about 205 deg. fahr. 
escaping thereafter. ; A vapor trap capable of causing overflows of liquid 
These phenomena were arresting to one disgraced by seems particulariy objectionable. A dozen engines 
overheating an engine. The car had been driven 4500 were picked out hastily at the New York Show that 
miles, Its engine was thoroughly limber and had been seemed to have this feature, but maybe it is neutralized Rese 
decarbonized within 2200 miles. It had made the grade by upper radiator-tanks large enough to hold all the 
without a symptom of overheating or of reluctance. liquid that can ever be displaced into them. It would 
The winter shutter had been in use continuously — be of interest to know what the fact is because, when Th 
Aug. 29. On Sept. 20 and 2la gruelling trip of 400 using an anti-freeze preparation, particularly glycer- that 
miles had been made in the White Mountains and the ine, overflows of liquid are expensive and because, if init 
cooling water temperature, as indicated by the long- glycerine is used, the user does not expect to lose any comn 
distance motometer, had been there maintained at or and therefore replenishes with water, whereby unde- rese 
above 185 deg. fahr. without trouble of any kind. tected overflows of liquid may spell for him diminished take: 
On the way down the mountain it was noted that protection. A car whose engine has an unneutralized sist 
water had not overflowed on the way up. The climb vapor trap should not be stopped downgrade without brid 
was repeated without traffic impedence and with throt- a prior slowdown to dissipate the stored heat. sube 
tle and: shutter wide open during a full mile, the moto- Overflow of vapor seems possible with all uptodate Ann 
meter indicating 180 deg. fahr. at the grade. This cars examined. Many designers seem to have favored This 
time the drive was continued without stop to Shelburne a water passage formed in the top of the cylinder- fact 
Falls, with open throttle on all hills, but with a long head and sloping from the middle or rear of the head In 
slowdown to a stop upgrade in that town. At the stop upward to the upper radiator-tank, or they cause the wha 
the water was visible and there was no boiling. cooling liquid to issue from two or more outlets in the = 
In the engine of this car the cooling liquid issues top of the head and to merge in one upward sloping nati 
from one outlet in the vertical front wall of the cylin- stream before the upper radiator-tank is reached. In kno 
der-head, which is 27 in. long and tilts about 1.8 per all such cases these passages are filled with liquid. If fina 
cent downgrade when the car is empty and on a level vapor is formed anywhere in the engine jacket, its is, | 
floor. It seems that the liquid displaced after a stop path to the upper radiator-tank will be through liquid, the 
downgrade cannot exceed the volume of the vapor trap and it may condense therein. No reason appears for ton 
the grade has made available and may equal the vol- thinking that vapor, formed in engines of this sort plos 
ume of the vapor actually formed and trapped. The after a stop upgrade or down, will be more likely to metry 
size of the overflow pipe brings in a time factor, and condense before reaching the upper radiator-tank and refe 
pressure may build up in the upper radiator-tank. On overflowing as vapor than in the engine of my cal 1 
this occasion the car was run up the bank before liquid when tilted upgrade. With that engine only a few 
could have finished flowing. Thereupon the vapor then stops upgrade were observed and the gverticws of 
trapped and any thereafter formed made its way to vapor, observed at these few stops, were not measured. 
the upper radiator-tank and overflowed as vapor. Therefore, the question that seems most interesting 
Overflows of liquid were investigated with this car and important is raised but is not here answered. It is ’ 
till it was warehoused for the winter. The standard whether small and unnoticed overflows of vapor do or 
radiator filling put the level about 0.50 in. above the do not often occur when engines are stopped after run- 
core and 3.75 in. below the overflow, the air space in ning in winter at a desirable operating temperature 
the upper radiator-tank then being about 1.5 qt. More maintained by a winter shutter. 
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they rarely know. In my own experience losses of 
alcohol were generally mysterious, without rhyme or 
reason, their causation piquing curiosity and eluding 
analysis. A working theory that they occurred after 
stops not preceded by slowdowns to dissipate stored 
heat puts rhyme and reason into the picture. 

If most of the alcohol lost during the winter season 
is not evaporated while engines are running but is 
lost after stopping engines that were then suitably hot 
but not overheated, it seems that loss of alcohol in the 
normal use of an automobile during a winter season 
can be prevented by operating always at preposterously 
low and undesirable operating temperatures, or by 
foregoing stops without slowdowns to dissipate stored 
heat. 

There is another and, I believe, a better way to avoid 
losses of alcohol, though operating with a winter shut- 
ter and as high as 180 deg. fahr. and though stopping 
naturally and without regard to stored heat dissipa- 
tion. That way is to stop using alcohol, and to select 
another anti-freeze solution. after reading the Bureau 
of Standards Letter Circular No. 28. 


WHAT ARE DETONATION FACTS 


Research Subcommittee Reports Its Findings of Com- 
monly Accepted Conclusions 


The Research Committee, at its meeting last June, decided 
that it could contribute to the study of detonation, not by 
initiating any original investigation but by stating what is 
commonly agreed upon as to the phenomenon as a result of the 
research carried on by others. As a result of the action 
taken by the committee, a subcommittee was appointed, con- 
sisting of Thomas Midgley, Jr., chairman; Dr. T. G. Del- 
bridge; S. W. Sparrow; and R. E. Wilson. Acting for this 
subcommittee, Mr. Midgley, at the Research Session of the 
Annual Meeting, presented a progress report on its work. 
This is intended to incorporate what are deemed to be the 
facts as to the nature of detonation, its causes and its effects. 

In introducing the report, Mr. Midgley elaborated some- 
what on the formal definition given in the prepared docu- 
ment. The use of the word detonation, he said, came about 
naturally. The garage mechanic identified the sound as a 
knock, the man on the track called it a spark rap, and 
finally the engineer gave it the name detonation. This usage 
is, Mr. Midgley pointed out, justifiable even in the light of 
the little established knowledge on the subject of detona- 
tion, since the dictionary definition of the word is “An ex- 
plosion accompanied by a loud noise,” which is all that is 
meant when detonation in an internal-combustion engine is 
referred to. 

The full text of the report follows: 


PROGRESS REPORT OF SUBCOMMITTEE ON THE CAUSES 
AND EFFECTS OF DETONATION 


Fundamentally, detonation is a type of combustion 
which is abnormally rapid as compared with what may 
be called normal or non-detonating combustion. The 
behavior seems somewhat analogous to the difference 
between the slow burning and detonation of many 
common explosives. Just what mechanism is respon- 
sible for the speeding up of the reaction or some part 
thereof has not, in our opinion, been at all definitely 
established, although many ingenious theories have 
been set forth. It is known, however, that detonation 
is increased by increasing the temperature or the pres- 
sure of the charge during the time of the explosion, 
which may be brought about in many different ways. 
The presence of localized hot-spots or an increase in 
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the length of flame travel also tend to increase detona- 
tion. Detonation varies greatly with mixture-ratio, 
generally passing through the maximum between the 
point of maximum power and that of maximum 
economy. 

Probably the greatest single factor which influences 
detonation is the chemical composition of the fuel, 
but even here there are apparently few generalizations 
which can safely be made. Apparently those paraffin 
hydrocarbons which occur in many straight-run gaso- 
lines tend to knock badly, while certain other paraffin- 
hydrocarbons are good antiknock fuels. As a class, 
the naphthene, aromatic and olefine hydrocarbons which 
occur in many straight-run or cracked gasolines tend 
to knock distinctly less than the normal paraffin-hydro- 
carbons. 

A great many elements and compounds have the 
quality of affecting detonation profoundly. While no 
hard and fast statements can be made, it appears in 
general that the antiknock property is fundamentally 
a property of the individual element, although it is 
modified to a certain extent by the form of the com- 
pound in which the element occurs. Thus many, though 
not all, compounds of nitrogen have a moderate anti- 
knock effect and practically all volatile compounds of 
iodine, selenium, tellurium, nickel, cobalt, tin, and lead 
have marked antiknock effects, some of them being 
effective even when present in extremely small quan- 
tities. 

The effects or manifestations of detonation are, first, 
a disagreeable noise, varying from a slight ping to a 
very loud clatter, a loss of power, if knocking is at 
all severe, and a tendency to overheat the engine and 
the cooling water. If marked detonation continues, 
this overheating frequently results in preignition, 
which is, however, an entirely separate phenomenon. 
In extreme cases, mechanical effects such as breaking 
of spark-plug porcelains, the actual rupture of piston- 
heads and damage to bearings or other structural parts 
of the engine may result. 

Probably the most important effect of detonation 
is an indirect one, in that it limits the compression- 
pressure which it is practicable to embody in an en- 
gine to give satisfactory performance with ordinary 
commercial fuels, and this, in turn, seriously limits the 
fuel economy which could be obtained if this limitation 
could be removed. 

One of the most serious problems in connection with 
detonation is that of accurately comparing the detona- 
tion characteristics of different fuels. This is compli- 
cated by the fact that so many factors in engine design 
and operation have their several effects on detonation; 
but many laboratories are now working on this prob- 
lem and while we do not believe that any entirely satis- 
factory standard methods has yet been developed, this 
should be worked out to a satisfactory point within 
the next year. 

Future work directed toward the solution of this 
problem should largely proceed along four lines: 

(1) The development of a standard and repro- 
ducible method of testing and rating anti- 
knock fuels 

(2) Modification of engine design to make it pos- 
sible to get higher compression-pressures 
with a given fuel without detonation 

(3) Modification of the fuel in the direction of 
making it stand higher compression-pres- 
sures in a given engine without detonation 

(4) Fundamental research to determine the 


mechanism of detonation and its pre- 
vention 
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DEPARTMENT OF COMMERCE MEETINGS 


Subjects Were Spark-Plugs, Piston-Ring Oversizes, 


Brake-Linings and Roller-Bearings 


The Department of Commerce National Committee on 
Metals Utilization held primarily conferences at the City of 
Washington in December, 1924, on the simplification of 
spark-plugs, pistons and piston-rings and brake-lining sizes, 
and in June, 1925, on taper roller-bearings, which resulted in 
recommending that these matters be referred to the Society 
for review and consideration of some specific suggestions as 
to details offered at the conferences. 

This Society, in the course of its regular standardization 
activities, conducted a critical survey of the extent to which 
its standards for the first three items mentioned above 
were in use. At the time of the conference on taper roller- 
bearings the Ball and Roller-Bearings Division of the Stand- 
ards Committee was working on the present S.A.E. Stand- 
ard for Roller-Bearings, commencing on p. C31 of the S.A.E. 
HANDBOOK, that was adopted by the Society in July, 1926. 

Last fall the National Committee on Metals Utilization 
desired to call further conferences on these subjects with a 
view to issuing printed reports of the Department of Com- 
merce Simplified Practice recommendation. The Society was 
asked to cooperate and furnished the Department of Com- 
merce Committee with copies of its standards on these sub- 
jects and these were sent by the Committee to about 1000 
manufacturers, users and dealers with an invitation to attend 
conferences in Detroit on Feb. 2 and 3. The attendance 
at these conferences was approximately 10, 15, 15 and 10 
respectively, most of those from the industries representing 
manufacturers of the products under consideration. The 
action taken in each case was endorsement of the Society’s 
specifications and the recommendation that manufacturers 
and associated sellers indicate in their catalogs and regular 
sales procedure a preference for the standard sizes 
dimensions. 

Probably the relatively small attendance at the confer- 
ences was due in part to a realization that the formulation 
of standards for products of this nature involves many engi- 
neering factors that are controlled by individual designs and 
requirements and that the Society’s Standards Committee 
had met the requirements for technical specifications ade- 
quately. It was evident at the conferences that the man- 
ufacturers of these products are desirous of furthering the 
use of S.A.E. Standards and will use their influence with 
purchasing engineers to have them follow the standards as 
much as possible. The conferences might also be interpreted 
as indicating the feeling that the Department of Commerce 
can be of much help in the promulgation of the use of the 
standards. 


and 


AERONAUTIC DIVISION REORGANIZED 


Several Subdivisions, Including One on AN Standards, 


To Be Appointed 


In anticipation of increased activity this year in aero- 
‘ nautics, the Aeronautic Division of the 1927 Standards Com- 
mittee has been organized with a thought to further coopera- 
tion with the AN Standards Conferences. The majority of 
the subjects to be taken under consideration parallel or have 
some relation to those being taken up by the AN Confer- 


STANDARDIZATION ACTIVITIES 


The work of the Divisions and Subdivisions 
of the S.A.E. Standards Committee and 
other standards activities are reviewed herein 


ences, and this fact has been taken into consideration in the 
choice of personnel. E. T. Jones, of the Wright Aeronautical 
Corporation, and Edward Wallace, of the Glenn L. Martin 
Co., have been designated to represent the Society at the 
AN Conferences. 

In all probability a subdivision on AN Standards will be 
appointed to recommend approval of such parts of the AN 
Specifications as should be included in the S.A.E. HANDBOOK 
as S.A.E. Standards. Other Subdivisions will be appointed 
to make recommendations for specifications on engine mount- 
ings, engine controls and fittings, instrument mountings, and 
tail-skid shoes, and additional subjects will be 


taken under 
consideration as the work advances. 


S.A.E. HANDBOOK TO BE MAILED IN MARCH 


Extended Classified Listing of Manufacturers Is New 


Feature in This Issue 


The 1927, March, issue of the S.A.E. HANDBOOK, which 
will include the new and revised reports that were approved 
by the Society at the Annual Meeting in Detroit, will be 
ready for distribution by about March 18. A number of the 
aeronautic specifications that were adopted by the Society 
during or shortly following the World War have been can- 
celled and will accordingly be omitted from this issue. 

Following the policy adopted last year in connection with 
the listing of manufacturers in the S.A.E. HANDBOOK, a 
list of approximately 500 manufacturers who are in a posi- 
tion to furnish for initial use materials or products con- 
forming to S.A.E. Specifications is included in this issue. 
In compiling the list only those manufacturers have been 
included who have certified that they are prepared to fur- 
nish their products as conforming to the S.A.E. Specifica- 
tions. The Society will appreciate the cooperation of both 
manufacturers and purchasers in calling attention to any 
inaccuracies in the listings. It is also hoped that the names 
of important manufacturers of products for initial use, who 
are not included and whose products are known to conform 
to S.A.E. Specifications, will be brought to the Society’s at- 
tention to make the listing more nearly complete and of 
greater value to purchasers of the products. It is planned 
to revise the listing with the new issues of the S.A.E. HAND- 
BOOK each March and September. 


PARTS AND FITTINGS DIVISION ACTIVE 


Split Bushings and Revision of Felt Specifications 
under Consideration 


The Parts and Fittings Division has under consideration 
the advisability of establishing dimensional specifications for 
split bushings and spacer tubes. No decision has as yet 
been made as to whether this is a matter worthy of standard- 
ization but, in view of the large number of manufacturers 
using this type of bushing, it was considered that an inves- 
tigation should be made to determine the sizes now in use 
and to obtain opinions as to the feasibility of an S.A.E. 
Standard for this part. 

Criticism of the present S.A.E. Standard for felt, together 
with requests that the present specifications be revised, has 
resulted in the appointment of a Subdivision to investigate 
this subject thoroughly. A recent survey among felt users 
has shown considerable divergence of opinion as to what 
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constitutes an acceptable standard, and it is expected that 
the developing of a revised report by the Subdivision will 
provide specifications which will be acceptable to all interests 
and simplify the purchasing of felt. 

The former Subdivision on Vacuum-Tank Mountings has 
been renamed the Subdivision on Auxiliary-Tank Mountings, 
and its work extended to include mountings for oil and 
gasoline filter-tanks, central-lubricating-system tanks, brake- 
fluid tanks, and vacuum fuel-tanks. The recommendation 
as planned will include mounting dimensions only, no at- 
tempt being made to standardize tank sizes or connections 
for the present. 





MORE INSTRUMENT MOUNTING REVISIONS 
Specifications for Binding-Post Sizes, Thread Pitches 
and Ammeter Polarity 


The Subdivision on Instrument Mountings of the Elec- 
trical Equipment Division has submitted for consideration 
a report involving the addition of specifications for electrical 
instrument binding-post sizes and thread pitches. Two 
sizes of binding-post have been recommended; for instru- 
ments of 0-30 amp. capacity a 10-32 screw, and for instru- 
ments of 30-50 amp. capacity a 12-32 screw. 

The Subdivision also recommends the adoption of a speci- 
fication on ammeter polarity to provide a “discharge” read- 
ing to the left of zero and “charge” to the right of zero. 

A slight revision in the mounting-hole limits to permit 
the mounting of instruments 2.027 in. in diameter is also 
proposed. The entire matter is now before the Electrical 
Equipment Division for consideration and it is expected that 
some recommendation will be approved prior to the meeting 
of the Standards Committee in May. 


STANDARDS APPROVED BY LETTER-BALLOT 

The recommendations of the several Divisions of the 
Standards Committee that were presented and approved at 
the Society’s Annual Meeting in Detroit in January were 
submitted to letter-ballot of the voting members for final 
approval, the ballot being counted on Feb. 24 with the 
results as given below: 


Not 
Yes No Voting Blank 
AERONAUTIC DIVISION 


Cellulose Acetate Dope 90 0 66 19 

Cellulose Nitrate Dope 90 0 66 19 

Reels for Cable 91 0 66 18 

Round High-Strength Steel Wire 91 0 66 18 

Rubber Hose for Gasoline 91 0 66 18 

Spar Varnish 90 O 66 19 
(Reported for Cancellation) 

Steel Cable Loops oi. 0 66 18 
Steel Wire Cable 91 0 66 18 
AXLE AND WHEELS DIVISION 
Brake Nomenclature 121 0 42 12 
ELECTRICAL EQUIPMENT DIVISION 
Instrument Mountings 115 0 43 17 
Wiring Color-Code 113 1 44 17 
ENGINE DIVISION 
Crankease Drain-Plugs 121 0 40 14 
Engine Testing Forms 120 2 39 14 
Flywheel Housings 123 0 38 14 


IRON AND STEEL DIVISION 
Chemical Compositions of S.A.E. 
Steels 2015 and 2115 133 0 30 12 
Heat-Treatment Notes and Instruc- 
tions for S.A.E. Steels 4130, 4140 


and 4615 132 1 30 12 
Manganese Limits for S.A.E. Steel 

1046 130 2 31 12 
Rockwell Hardness-Test 131. @ 30 14 
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Not 
Yes No Voting Blank 


LIGHTING DIVISION 


Bases, Sockets and Plugs 114 0 50 11 
Electric Incandescent Lamps 113 ~O 51 11 
Head-Lamp Strength and Rigidity 114 0 50 11 
Signal-Lamps 114 0 50 11 
Tail-Lamp Specifications 114. 0 50 11 


MotTor-TRUCK DIVISION 
Midship Shaft Mountings 1i2-. & 42 16 
PARTS AND FITTINGS DIVISION 


Flexible Disc Tolerances 116 0 43 16 
Rod-End Pins uy. 8 42 16 
Small Rivets (Sectional Committee 

Report) 116 60 43 16 
Tinners’, Coopers’ and Belt Rivets 

(Sectional Committee Report) 115 0 44 16 


PRODUCTION DIVISION 


T-Slots, Bolts, Nuts and Cutters 
(Sectional Committee Report and 


as §.A.E. Standard) 114 0 43 18 
SCREW THREADS DIVISION 

Cap-Screws, Bolts and Nuts 127 0 30 28 
High Nuts 128 0 30 27 
Plow Bolts * (Sectional Committee 

Report) i123 0 34 28 
Round Unslotted-Head Bolts (Sec- 

tional Committee Report) 125 0 32 28 
Set-Screw Heads and Jam Nuts 

(Tables 4 and 7 of the Sectional 

Committee Report and as S.A.E. 

Standard) 127 0 30 28 
Slot and Cotter-Pin Hole Dimen- 

sions 126 0 31 28 
Wrench-Head Bolts and Nuts (Sec- 

tional Committee Report and as 

S.A.E. Standard) 124 0 32 29 

TRANSMISSION DIVISION 

Clutch Facings 114. 0 33 28 
Clutch Nomenclature 113 0 34 28 


In comparing the results of this letter-ballot with those 
of the last 10 preceding ballots, it is surprising to learn that 
the returns were almost exactly half of those since March, 
1922, as shown by the following figures. 


5-Year Average February, 1927 


Ballots Mailed 2.689 2,873 
Valid Ballots Cast 33 175 
Per Cent Returns 12.3 6.1 


The fewest number of ballots cast since March, 1922 was 
300 which was 10.9 per cent of those mailed to 2765 members 
in August, 1922, while the highest percentage of ballots 
cast during that period was 13.9 per cent of those sent to 
2821 members in March, 1926. 


NEW JERSEY MOTORCOACH REGULATIONS 


Public Utility Commissioners to Hold Hearing on 


March 23 


On p. 2 of the January issue of THE JOURNAL an account 
was given of the action taken by a committee of the New 
Jersey Board of Public Utility Commissioners and by the 
Society in connection with the proposed revision of the New 
Jersey Motorcoach Regulations that are at present in force. 
The New Jersey Board has scheduled a final public hearing 
to be held in Newark, N. J., on March 23. Detail information 
relative to the new proposals will be sent to the Motorcoach 
Division of the Standards Committee and other motorcoach 
manufacturers for their consideration prior to this public 
hearing. 

About a year ago a conference, held in Detroit by the 
National Automobile Chamber of Commerce, authorized the 
organizing of a small committee to study the possibilities of 
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unifying State regulations governing motor-vehicles used 
as public carriers, particularly motorcoaches. This Com- 
mittee has had a number of meetings and has made con- 
siderable progress in drafting a Code For Uniform Motor- 
coach Specifications, which when completed will be referred 
to such national organizations as the Society, the National 
Association of Public Utility Commissioners, the National 
Conference of Commissioners on Uniform State Laws, the 
American Electric Railway Association, the National Auto- 
mobile Chamber of Commerce and others directly interested 
in the matter of uniformity of State motor-vehicle regula- 
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tions. At the last meeting of the Committee, held at Hart. 
ford, Conn., on Feb. 10, considerable progress was made. The 
members of the Committee are George H. Scragg, chairman, 
representing the National Automobile Chamber of Commerce; 
Charles C. Elwell, Public Utility Comissioner of Connecticut; 
R. E. Piimpton, representing Bus Transportation; L. Isakson, 
representing the Connecticut Public Utilities Commission; 
D. C. Fenner, representing the Motor-Vehicle Conference 
Committee; R. S. Burnett, representing Society of Automotive 
Engineers; and D. W. Perkins, of the International Motor 
Co. 





CCORDING to the reports received from producers and 

distributers of natural gas, 1,188,571,000,000 cu. ft. of 
natural gas was produced in the United States and deliv- 
ered to consumers in 1925. Of this total 1,188,439,000,000 
cu. ft. was consumed in this Country and the remainder 
was piped to Mexico and Canada. Although the total con- 
stitutes a record for gas production, it is an increase over 
1924 of only 4 per cent, as compared to an average yearly 
increase for the last 10 years of 8 per cent. The value of 
this gas at the wells was $112,047,000 and at points of con- 
sumption $265,271,000, increases over 1924 of 6.0 and 4.5 per 
cent, respectively. 

The relative rank of the chief gas-producing States was 
unchanged in 1925. Oklahoma, which ranks first, registered 
a 16-per cent gain in production; and Texas, which ranks 
fifth, a 26-per cent gain. California, West Virginia and 
Louisiana, which ranked second, third and fourth respec- 
tively, showed slight declines in output. 

The quantity of natural gas reported as treated for recov- 
ery of natural-gas gasoline in 1925 was 1,040,390,000,000 
cu. ft. which is equivalent to 88 per cent of the total con- 
sumption of natural gas, and compares with 89 per cent 
in 1924 and 87 per cent in 1923. 

In 1925 the number of domestic consumers of natural gas 
was 3,536,000 or 92,600 more than in 1924. Ohio, which has 
31 per cent of ‘the total, and Kansas recorded the largest 
actual increases in number of domestic consumers. California 
reported a loss of nearly 30,000 domestic consumers in the 


NATURAL GAS 


vicinity of Los Angeles. The total consumption of natural 
gas by domestic users was 272,146,000,000 cu. ft. valued 
at $152,494,000, or 56 cents per 1000 cu. ft. This represents 
an increase over 1924 in the price paid by the domestic con- 
sumers but a decrease in the total gas used. This decrease, 
in the face of the larger number of users, indicates either 
better utilization of the gas available or the displacement 
by other fuels as a result of higher prices. Interstate trans- 
portation of natural gas, which is carried on mainly for 
domestic consumption, increased in 1925. The major inter- 
state movement continued to be from West Virginia to Ohio. 
Nearly two-thirds of the natural gas consumed in Ohio comes 
from West Virginia, and the great spread in price between 
the well in West Virginia and the home in Ohio is undoubt- 
edly due to the distance the gas is transported. 

The total consumption of natural gas, including residue 
gas from natural-gas gasoline plants, by industrial users in 
1925 was 916,293,000,000 cu. ft., which is equivalent to 77 
per cent of the total consumption. Of this total 423,524,- 
000,000 cu. ft. was used for field purposes and 492,769,000,000 
cu. ft. for other industrial uses, including the manufacture 
of carbon black. Oklahoma continued its rank as the leading 
user of natural gas for field purposes, that is, for drilling, 
pumping and operating natural-gas gasoline recovery-plants. 
Louisiana continued as the chief consumer of natural gas for 
“other industrial” purposes, and the bulk of the consumption 
for those purposes in Louisiana was by plants making carbon 
black.—G. T. Hopkins in Bureau of Mines Bulletin. 


VOCATIONAL GUIDANCE 


OCATIONAL guidance aims to help a man discover his 

abilities, learn about the opportunities and responsibil- 
ities of the occupational world, make his choice of occupa- 
tion, secure his preparation, take his first steps in the 
chosen work, carry on his readjustments, and secure his 
promotion. 

In schools the chief means for self-discovery is diversified 
experimentation in simple tasks drawn from occupational 
life, whether under school auspices or during out-of-school 
or vacation periods. As an aid to choice, expert counsellors 
are provided, who, through the use of conferences, tests, 
school records, work experiences, and other data, are likely 
to be able to give aid in wise choice. 

Finding indicate that of 4375 cases of discharge in indus- 
trial establishments, 2730, or 62.4 per cent, were caused 
by lack of social understanding as represented by insubor- 
dination, unreliability, absenteeism, laziness, troublemaking, 
carelessness, violation of rules, and various types of mis- 
conduct. Only about one-third of the discharges were due 
to lack of skill or of technical knowledge. In spite of these 
facts, most vocational schools almost completely ignore so- 
cial understanding, and professional schools concern them- 
selves chiefly with technical knowledge. 

Bureaus of placement are provided by the vocational 
guidance departments of progressive cities and appointment 
offices by colleges. For the final step, readjustment or 





“follow up,” many opportunities are afforded, particularly 
by conferences and correspondence, for aiding the individual 
to get his start during the first few years of his service. 

Vocational guidance is in no way in competition with any 
other kind of guidance, or with the aims of the liberal arts 
college. Workers in vocational guidance are constantly ad- 
vising students, both in school and college, to postpone defi- 
nite choice of vocation as long as seems safe, and even when 
the calling is chosen, to postpone narrowing the education. 
We in the Bureau of Vocational Guidance heartily endorse 
the Harvard plan of postponing professional education until 
the graduate school. If our emphasis on social understand- 
ing of one’s vocational life is well placed, clearly an exten- 
sive background of general education is a necessity. 

The Bureau Library undoubtedly contains the most ex- 
tensive collection of filed papers, pamphlets, and books on 
vocational guidance in existence. As editor of The Voca- 
tional Guidance Magazine, Frederick J. Allen, who has given 
more years of service to this movement than has anyone 
else, performs an important service in issuing from our 
office eight times a year a well planned and extremely useful 
journal of information, reports on research, book reviews, 
accounts of progress, magazine articles, and other helpful 
material. This is the official organ of the National Voca- 
tional Guidance Association—J. M. Brewer in Harvard 
Alumni Bulletin. 
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WOOLSON OFFERS PRIZE FOR BEST PAPER 





Submitted in Detroit Section Contest on Automobile 


Construction Improvements 


Inspired by the success of the recent Composite Car Con- 
test of the Metropolitan Section, L. M. Woolson, chairman of 
the Detroit Section, has donated $100 as an award for the 
best paper to be submitted on the subject, Worthwhile Im- 
provements in Automobile Construction. The contest will be 
sponsored by the Detroit Section and will be open to all 
members of the Society regardless of grade or Section mem- 
bership. 

The Chairman of the Meetings Committee of the Detroit 
Section will appoint a committee of judges, who will select 
the four best papers submitted by the closing date, April 20. 
These papers will be read at the meeting of the Detroit Sec- 
tion to be held on May 5. 

The best of the four papers will be decided by vote of the 
members present, and the author will receive immediately 
the award of $100. 

The rules governing the Detroit Section Contest are given 
in full hereinafter, as it is believed that many members of 
other Sections will desire to submit papers in this contest. 


RULES OF THE CONTEST 


(1) All papers must be submitted by April 20, 
1927. The award will be made May 5, 
1927 

(2) Papers will be submitted to a Committee of 
judges to be appointed by the Chairman of 
the Meetings Committee of the Detroit 
Section. The Judges will go over the pa- 
pers and select the four which in their 
opinion are best. These four papers will 
be read at the May 5 meeting of the De- 
troit Section, which is set aside especially 
for this contest. The author of the paper 
that, in the opinion of those present at the 
meeting, is the best, will receive the award 
of $100 in gold which will be paid imme- 
diately upon the count of the vote. The 
winner will also be awarded a diploma fur- 
nished by the Detroit Section certifying to 
the award 

(3) Papers will be judged on four points of 
merit: 
(a) Originality 
(b) Merit as to creative or constructive 

thought 
(c) Merit from the standpoint of engineer- 
ing or scientific treatment 
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(d) Merit as to composition and rhetoric 
(4) Papers shall not treat of any patented, copy- 
righted or advertised article 
(5) The paper shall not exceed 4000 words in 
length 


The subject matter may cover any worthwhile im- 
provement, or may treat of a complete motor-vehicle, 
as, for instance, a subject like The Automobile of 1937. 
The paper must show good engineering reasons for 
every conclusion; this shall be one of the prerequisites 
for all papers. 

The Chairman of the Meetings Committee will be 
charged with the general administration of the contest 
and will, from time to time, offer suggestions for sub- 
jects of papers. 

The competition will be open to members of the 
Society of Automotive Engineers regardless of their 
grade or Section membership. The only exceptions to 
this are the Judges of the contest and the officers of 
the Detroit Section. 

Papers should be sent to the Detroit Section Office, 
Room 5-110, General Motors Building, Detroit. 





SUITABLE PISTON-RINGS CONSIDERED 


Southern California Section Also Enjoys a General 
Jollification 


Piston-rings constituted the subject for technical discus- 
sion at the combined Meeting and Carnival that was held on 
Feb. 11 by the Southern California Section in Los Angeles. 
The occasion attracted 200 members and guests. The paper 
was presented by P. H. Ducker, superintendent of trans- 
portation of the Southern California Edison Co. 

Mr. Ducker said in part that because pistons are made 
0.003 to 0.005 in. smaller than the cylinder in the case of 
cast-iron pistons and because even more clearance is allowed 
in the case of certain alloy pistons, it is necessary to use 
piston-rings. To maintain compression-pressure, the piston- 
ring must fit tightly against the cylinder-wall and against 
the edge of the piston-groove. Since a complete closed ring 
or hoop would have no cylinder-wall pressure, the ring is 
provided with a gap or cut so that the desired wall-pressure 
will be maintained. Piston-rings are either concentric, with 
a uniform thickness, or eccentric, with the thin section at 
the points of the ring and the thick section opposite the 
piston-ring gap. The speaker enumerated the different types 
of piston-ring and said that the company he represents has 
secured the best and most uniform results from a plain 
step-cut ring with turned face, the tool marks making a 
quick-seating feature. For an oil-control ring, the company 
uses the perforated type with a scraper feature on the lower 
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edge, drilling the piston-groove so as to allow the surplus 
oil to escape. 

In the opinion of Mr. Ducker, a piston-ring should be 
accurate in width and in diameter, of uniform quality, of 
proper elasticity and wall-tension, as nearly as possible “gas 
tight,” and with a straight and true upper edge, because 
wavy edges are the cause of loss of compression-pressure. 
He mentioned that his company has tried out about 60 dif- 
ferent kinds of piston-ring and has found most of them lack- 
ing in regard to many of claims made for them by their 
makers. He referred to a ring having a special double-cut 
gap which caused damage on account of the breaking off of 
the tips. He said that one other ring which exerted a con- 
siderable amount of spring pressure caused considerable in- 
ternal friction and overheating. Other expansive rings were 
tried and were found to be no better than the best grade of 
plain step-cut rings. 

For satisfactory service, the speaker said that it is, of 
course, assumed that piston-rings will be installed with proper 
regard to the gap, will be free to turn and will be installed 
in grooves of sufficient depth. He said also that high-priced 
special rings have a legitimate field in that they are suit- 
able for reconditioning used cars for sale and that their in- 
stallation will result in considerable additional mileage; but, 
in his opinion, when such a remedy becomes necessary, a 
regrinding would be far better, especially in the case of 
the operator of a large fleet of trucks. 


THE MARCH MEETING 


On the Pacific coast, where distances are great, high- 
speed motor-trucks are needed for transporting heavy loads. 
The advantages and disadvantages of the six-cylinder en- 
gine for heavy-duty transport of freight and merchandise 
will be presented at the meeting of the Section which is 
scheduled to be held at the City Club, Los Angeles, March 11. 


IMPROVEMENTS IN AIRCRAFT IGNITION 


Changes To Keep Pace with New Airplane Types Shown 


at Chicago Section 


Recent Developments in 
Ignition Equipment for Air- 
craft, copiously illustrated 
with lantern slides and inter- 
estingly described by F. G. 
Shoemaker, mechanical en- 
gineer of the Air Corps, at 
McCook Field, entertained 
the members of the Chicago 
Section at its regular month- 
ly meeting in the Western 
Society of Engineers’ audi- 
torium in the Monadnock 
Block, on Feb. 8. In the 
absence of the regular chair- 
man, Secretary F. H. Whit- 
tington called the meeting to 
order and introduced R. E. 
Wilson, of the Standard Oil 

F. G. SHOEMAKER Co. of Indiana, who pre- 
sided. 

Up to the beginning of 1926, Mr. Shoemaker said, the lim- 
ited market for new types of aircraft did not warrant activ- 
ity in the manufacture of new ignition-equipment but with 
the depletion of the stock of surplus war-type engines and 
the increased number of airplanes in service the interest of 
manufacturers in ignition increased. He then outlined the 
fundamental electrical and mechanical requirements of igni- 
tion equipment for aircraft engines and explained the spe- 
cial requirements peculiar to this service, including both mil- 
itary and commercial aircraft. Various new types of bat- 
tery and magneto ignition were briefly described and the 
developments in each kind were pointed out. The charac- 
teristics of an ideal ignition-system were also enumerated as 
the basis of further development. 
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The general requirements of aircraft ignition, said Mr, 
Shoemaker, are reliability, low weight, compactness, low cost 
and adaptability. The chief requirements of their design 
include speed, rugged construction, simple mounting, light 
rotating parts, resistance to vibration, ample lubrication, 
freedom from moisture, and fire-proof ventilation. The 
electrical requirements of ignition for aircraft engines are 
considerably more exacting than for engines of other types 
and must include such features as dual staggered spark- 
plugs in each cylinder, electrical and magnetic circuits de- 
signed for high-frequency operation, the careful lamination 
of the magnetic circuit, insulated ball-bearings, the preven- 
tion of overlapping of sparks, the ability to operate at high 
altitude on supercharged engines, the shielding of the igni- 
tion to prevent interference with the radio, and the elimina- 
tion of the possibility of igniting gasoline or gasoline vapors 
in ease of accident and also the possible source of fire from 
loose connections between the spark-plug cables and the dis- 
tributor, or the terminals of the plugs, that allow small 
sparks to occur as the cables vibrate. Other features em- 
bodied in modern ignition-equipment are the use of two- 
spark magnetos in which two sparks are obtained by using 
two separate high-tension coils on a single magnetic circuit, 
and a high-speed breaker-mechanism. 


REQUIREMENTS OF THE BREAKER MECHANISM 


The special requirements of the breaker-mechanism in- 
clude (a) ability to operate continuously at speeds equiva- 
lent to 3000 r.p.m. for a 12-cylinder engine, or 1800@sparks 
per min., (b) minimum impact loads on the rubbing-block 
and contacts, (c) elimination of the pivot bearing and the 
lubrication of the breaker-mechanism, (d) simple adjust- 
ment of the breaker without special tools and without dis- 
turbing the alignment or refacing the contacts, and (e) 
elimination of flexible lead-wires from the primary winding 
to the breaker. Numerous improvements have recently been 
made for converting the carbon-brush type of distributor, in 
use during the war, to what is called the Liberty Delco air- 
gap type of distributor. 

Mr. Shoemaker gave a short summary of the arguments in 
the old controversy between battery and magneto-ignition ad- 
vocates, but the choice between them, he said, depends al- 
most entirely on factors other than spark-intensity, which 
is the usual subject of controversy. A tabulation was given 
to show that, exclusive of the generator and the battery, 
the battery-ignition system weighs less than one-half as 
much as the equivalent magneto-system when using two 
single magnetos, and not more than two-thirds as much, 
when a double magneto is considered. Including the ignition 
battery and generator, the battery ignition-system has about 
the same weight as a double-magneto installation. 


IDEAL IGNITION-SYSTEM 


3ased on the requirements of the types of military and 
commercial aircraft now in service and proposed for the 
future, the ideal ignition system, Mr. Shoemaker declared, 
should have the following characteristics: (a) a rugged, light 
and compact source of sparks; (b) flange mounting; (c) 
bearings large enough to allow the use of a direct splined 
shaft or gear drive; (d) complete enclosure of the ignition- 
system in a metallic housing conforming to the space avail- 
able on the engine; (e) secondary cables carried in substan- 
tial metallic housings built into the cylinder-block and con- 
nected directly to the distributor housing, without flexible 
braid or tubing, thus providing radio shielding, mechanical 
protection and eliminating the fire hazard; (f) ignition 
drive from the propeller end of the crankshaft, to eliminate 
drive stresses; (g) ignition for starting direct from “run- 
ning” magneto without the use of a booster magneto; (h) 
electrical insulation for supercharging to at least 20,000 
ft.; (i) a normal life without lubrication, adjustment, or 
cleaning greater than the time between major overhauls of 
the engine; (j) accessibility in the airplane for inspection of 
breaker and distributor; (k) easily removable and inter- 
changeable breakers, condensers, coils, and distributor parts; 
and (l) standardization of the basic parts of a given make, 
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such as main frames, coils, condensers, rotors, bearings, 
preakers, and the like, to make it possible to use the same 
parts for all types of engines. 

A large number of these ideal features are yet to be real- 
ized, Mr. Shoemaker said, but the following may be consid- 
ered as having reached a usable state of development: 

(a) a reduction in the weight of the ignition-system of 
from 25 to 40 per cent; (b) an increase in the satisfactory 
operating-speed of magnetos of at least 100 per cent; (c) 
extension of the life of the magneto breaker at least five 
times; (d) elimination of the fire hazard; (e) direct drive 
without flexible coupling; (/) flange mounting; and (g) the 
air-gap distributor. 

A short discussion followed in which W. Martins, of the 
Fashion Auto Station, and Lee W. Oldfield, consulting en- 
gineer, in charge of design and development, Pac-Age-Kar 
Corporation, took part. 





DESIRABLE LUBRICANTS AND FUELS 


Northern California Section Discusses Lubrication and 
Non-Detonating Gasoline 


Engine lubrication and the anti-detonating qualities of 
California gasoline were the special subjects that occupied 
the attention of the members and guests who attended the 
meeting of the Northern California Section that was held 
at the Engineers Club in San Francisco on Jan. 13. Three 
papers were presented and discussed. 

The paper on Automotive-Engine Lubrication was pre- 
pared by the board of lubrication engineers of the Standard 
Oil Co. of California and was read by Lieutenant Noville, 
who was second in command during the Byrd flight to the 
North Pole. Some details of the paper are included in this 
report, the conclusion reached being that a proper exercise 
of the control which motor-vehicle operators have over cor- 
rect lubrication will assist more than will any other con- 
trollable factor in securing continuous operation. 

Standards for Correct Engine-Lubrication was the title 
of the paper by J. T. French, assistant manager of the 
lubricating-oil division of the Richfield Oil Co. of California 
and Davis Day, refining engineer for the same company, 
chose for his subject the Anti-Detonating Qualities of Cali- 
fornia Gasoline. Edwin C. Wood, chairman of the Section, 
presided. 


ENGINE LUBRICATION 


Lieutenant Noville said in part that correct engine lubrica- 
tion is a condition in which all bearing-surfaces of an engine 
are kept separated by a film of suitable lubricant so as to 
substitute internal friction of a low order of magnitude in 
the lubricant for destructive metallic friction between bear- 
ing-surfaces. For practical purposes, only a small percentage 
of wear can be said to occur as a result of metallic friction. 
The larger percentage of wear is due to the presence in the 
oil of contaminating solids and liquids. 

Correct lubrication can be obtained, according to the 
speaker, only by using oils which contain all the properties 
that meet the needs of the particular engine in which they 
are to be used, by exercising care so that properly selected 
oils are supplied in correct quantities and by removing con- 
taminated lubricants from the engine at stated intervals. 

Concerning the control of correct lubrication, the speaker 
said that lubricating oils, when functioning as lubricants, 
are detrimentally affected during engine operation by having 
unburned fuel, water, road dust, and carbon mixed with them. 
Dilution of lubricant by unburned fuel can be minimized by 
(a) the use of a lubricant adapted to the needs of an engine 
so that an effective piston-seal is established and maintained, 
(b) proper adjustment of the carbureter to prevent the use 
of mixtures too rich in fuel, (c) careful and sparing use of 
the carbureter choke, and (d) proper hooding of the radiator 
to assure engine operation under water-jacket temperatures 
that are sufficiently high. The speaker believes that frequent 
changing of crankcase oil is a definite and positive control 
over correct lubrication and satisfactory engine-performance, 


say after 750 to 1000 miles of operation, according to condi- 
tions, and that it is safer and more economical to change the 
oil too often than not often enough. 

Among the important points brought out in the discussion 
of the paper it was said that the reconditioning of lubricat- 
ing-oil constitutes an involved problem. It can be done but 
the process of reclamation is not economical. Carbon is con- 
sidered an abrasive, and the best means of eliminating this 
and other contaminants was said to be by flushing the crank- 
case at the end of each specified period of operation. The 
false economy of using as a lubricant oil of too heavy grade 
was referred to, singe such a lubricant causes excessive wear 
in the engine. 


CORRECT ENGINE-LUBRICATION STANDARDS 


J. T. French divided his paper into considerations of the 
source, the manufacture and the application of lubricating- 
oil, these being in turn subdivided and analyzed, and added 
to this treatment of the subject statements of the principles 
of good practice in regard to quality, correct grade and the 
like. 

Regarding means of knowing in advance whether an oil 
is suitable or unsuitable, Mr. French said that, first, it must 
be highly fluid so as to be enabled to move quickly and freely 
to the most remote bearing-surfaces as soon as the engine 
begins to operate; that is, the viscosity curve must be as 
flat as possible. Second, it must have the highest heat-resist- 
ing and friction-resisting qualities, and these are measured 
by its flash and its fire-points. Third, it must maintain its 
viscosity at extreme temperatures so as to seal the piston 
and prevent not only the loss of compression-pressure but 
also the by-passing of damaging vapors into the crankcase. 
Fourth, it must be well filtered and “bland” so that it will 
burn clean and, when heated, will not decompose and form 
sludge in the crankcase. 

Concerning the second principle, governing desirable prac- 
tice, that of using the correct grade of oil, Mr. French said 
that if, for instance, it is recommended that a medium oil 
be used for lubricating a certain unit, say an oil of approxi- 
mately 370 Saybolt-sec. viscosity at 100 deg. fahr., the grade 
of oil may be increased to be one grade heavier because a 
certain amount of wear has taken place after a period of 
operation and the mechanical tolerances have been increased 
sufficiently to warrant the use of a heavier protective film. 
But many operators continue to change to heavier oils as 
the oil consumption increases and this, Mr. French said, is 
not good practice. As a third principle of good practice, he 
recommended that the crankcase oil be changed at regular in- 
tervals and said also that it is well to flush the engine with 
a neutral cleaning agent before putting in fresh crankcase- 
oil. 

Questions and answers during the discussion of the paper 
were concerned mainly with bringing out further details of 
the subject. Various comparisons were made between West- 
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ern and Eastern oils in regard to viscosity, relative per- 
centages of carbon deposit and other characteristics. 


CALIFORNIA GASOLINE 


After defining the phenomenon known as detonation, Mr. 
Day went on to say the paraffins, naphthenes, olefins, and the 
so-called aromatics constitute the four groups of hydro- 
carbons that may be present in gasoline. He said that 
Ricardo’s research work had demonstrated that only the 
paraffins produced detonation and that the other groups had 
a decided anti-detonating effect on the paraffins. Because 
the gasoline produced by ordinary refining methods from 
crude oils of the Eastern and Mid-Continent fields is com- 
posed so largely of gasolines of the paraffin group, it 
detonates violently when used in high-speed high-compression 
engines, and the two methods adopted by the industry to 
correct this evil were to add some substance to such gaso- 
line which would eliminate detonation and to produce at the 
refineries a gasoline of the correct chemical composition to 
produce non-detonating combustion. The result ‘was the 
development of a compound which reduces detonation and the 
successful development also of producing an improved gaso- 
line by improved refinery-methods. 

The “cracking” process was described by the speaker as 
being one that enabled the refiners to make a non-detonating 
gasoline. By using it they could make not only gasoline of 
the volatility best adapted for the high-speed high-compres- 
sion engine but could produce at will gasoline containing 
small quantities of the detonating paraffin group and large 
quantities of the olefins, naphthenes and aromatics. Hence, 
in the West and in the Middle West where detonating condi- 
tions are severe, two types of gasoline are available: One 
is a gasoline to which a compound has been added to reduce 
detonation, and the other is a gasoline which has been made 
non-detonating by improvements in refining practice and by 
utilizing the cracking process. 

Mr. Day said also that gasoline produced from the 
naphthenic-base crude-oil of California contains a much 
smaller percentage of the paraffin group of hydrocarbons 
than other crude oils and a considerable percentage also of 
non-detonating naphthenes and that, further, by the cracking 
process a gasoline can be produced which is not only high 
in non-detonating naphthenes but is also rich in the olefins 
and aromatics. Regarding the future and the possibility that 
engines will be designed to have higher compression-ratio, 
Mr. Day stated that certain oil-refiners can produce today in 
commercial quantity gasolines which will meet the high-com- 
pression conditions without the addition of anti-detonating 
compounds and which have been manufactured at the refinery 
to meet specifications and supply specific demands. 

In the discussion following the paper, mention was made 
that the end-point of Pacific Coast gasoline varies between 
410 and 430 deg. fahr. and that in the Middle West and in 
the East the end-point in some cases reaches 450 deg. fahr. 
It was stated that the end-point should not exceed 437 deg. 
fahr. for present conditions. 


RUBBER AND ITS VARIOUS USES 





W. L. Holt Describes the Different Manufacturing 
Processes to the Washington Section 


Rubber and Its Uses was the theme that engaged the at- 
tention of the Washington Section at its regular monthly 
meeting, held on Feb. 17. 

W. L. Holt, mechanical engineer of the Bureau of Stand- 
ards, outlined in a simple yet comprehensive way the vari- 
ous steps in the manufacture of rubber, from the collection of 
the latex from the Hevea tree to its final form as found in 
tires and other articles. Most of the Hevea trees, he said, 
are grown on plantations. The East Indies, which is the 
principal source of rubber, first imported the Hevea tree 
from Brazil, where it is native. At present very little rub- 
ber is produced in Brazil. In describing the manner of cut- 
ting the tree to obtain this latex, Mr. Holt stated that the 
process consists in cutting slanting grooves in the bark of 
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the tree about one-third of the way round and about 6 ft. 
from the ground. Natives collect the latex daily, after which 
a new cut is made below the previous one. This is con- 
tinued down the trunk of the tree. 


COAGULATING THE LATEX 


Samples of the latex, which is similar to milk in appear- 
ance, were shown and a demonstration was given of the 
manner of coagulating the latex by the addition of acetic 
acid. The coagulated rubber, which is white in color, is then 
rolled and dried. The familiar crepe rubber is the resulting 
product. Sometimes the rubber is smoked while being dried 
to minimize bacterial action. Crepe and smoked sheet-rubber 
constitute the bulk of the rubber used today. 

Vulcanizing, which is the next process, continued 
Holt, consists in adding sulphur to the rubber, the mixture 
being then worked between heated steel-rolls. The only dif- 
ference between hard and soft rubber, Mr. Holt explained, is 
in the amount of sulphur added to the rubber. Soft rubber 
contains from 1 to 4 per cent of sulphur, whereas hard rub- 
ber contains from 28 to 32 per cent. The life of the rubber 
in the finished product depends largely on the time required 
to vuleanize the rubber. To shorten this period, some form 
of accelerator is added, usually about 1 per cent of zine 
oxide. Litharge and magnesium oxide are also used as ac- 
celerators. 


Mr. 


To increase the wearing quality of the rubber and its 
ability to withstand abrasion, lamp black is added. In solid 
ires, the addition of zinc oxide increases the heat conduc- 


tivity of the tire and tends to prevent the heating of the in- 
side of the tire and, consequently, its blowing-out. 


NEW TYPE FOUR-SPEED TRANSMISSION 


S. O. White Explains Advantages at Cleveland Section 
February Meeting 


Why do we need a four- 


speed transmission? asked 
S. O. White, chief engineer 
of the Warner Gear Co., 


Muncie, Ind. He then pro- 
ceeded to answer his own 
question and to describe a 
new type of four-speed trans- 
mission to the Cleveland 
Section at its regular month- 
ly meeting, held in the Rose 
Room of the Cleveland Hotel 
on Feb. 21. 

The modern demand for 
high speed in an automobile, 
together with ability to 
travel in high gear anywhere 
and everywhere, even up the 
steepest and longest moun- 
tain grades, said Mr. White, 
has produced a car that is 
overpowered as to its engine and is provided with a slow 
rear-axle, to enable it to remain in high on heavy grades. 
This, in turn, requires the engine to turn over at a very high 
rate of rotation for fast road-speeds. At these high rota- 
tive speeds, the engine is not operating within its most eco- 
nomical range, and the problem of balance and of the ab- 
sorption of vibration has become more and more difficult. 

Engineers have gone to great length, and in some cases to 
heavy expense, to provide means for damping-out, cushion- 
ing and absorbing engine and chassis vibrations. Propeller- 
shaft vibration at high rotative speeds is also most difficult 
to control; and power losses and the consequent decrease in 
gasoline mileage, due to the internal friction of engine parts 
at high speeds, are excessive. Mr. White explained that for- 
merly economy and higher road-speed were sought in four- 
speed transmissions through “over-speed,” that is, gearing 
the propeller-shaft to rotate faster than the engine. Al- 
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though this gave better engine performance and economy, 
he said, it created excessive gear-noise and, from too much 
driving in gear, the spur-gears were short lived. 


INTERNAL GEARS REDUCE INEFFICIENCY, NOISE AND WEAR 


Because of the advantages of the four-speed transmission 
and because its chief disadvantages are inefficiency, noise 
and wear, continued Mr. White, attention has been directed 
from spur-gearing to internal gearing, which, for automo- 
pile transmission purposes, is practically noiseless and shows 
yery little wear and loss of power. It also has the property 
of producing very little increase of noise even under con- 
ditions of heavily increasing load, as is the case in climb- 
ing steep grades. In previous four-speed transmissions gear- 
shifting has been difficult because of the necessity for picking 
up the rotative weight of the intervening gearing. 

After discussing further the disadvantages of the over- 
speed type of four-speed transmission, Mr. White described 
an under-speed type of transmission, that uses the direct 
drive in the fourth speed and a geared third-speed, the rear 
axle having a gear-ratio from 20 to 35 per cent higher than 
is customary in conventional third-speed gears. The result 
is that, although practically all driving is done in the top or 
fourth speed, the engine turns much more slowly than usual, 
and consequently the vibrations of the engine chassis and 
propeller-shaft are diminished to such an extent that the car 
seems, because of the smoothness of riding, to be traveling at 
from 10 to 20 m.p.h. less than its actual speed. That 30 per 
cent higher gearing does not make the car unsatisfactory on 
ordinary hills was demonstrated recently, he said, on a tour 
over the Lincoln Highway from Pittsburgh to Philadelphia 
during which only about 10 miles of the total distance of 
300 miles could not be negotiated in fourth speed. 


FLEXIBILITY A FEATURE 


A four-speed transmission embodying an internal-geared 
third-speed and a direct fourth-speed, continued Mr. White, 
allows quietness of operation in both speeds and makes 
shifting between them effortless. Although no benefit is 
derived from making such a shift, the flexibility of the trans- 
mission is indicated by the fact that a change from fourth 
to third speed can be made while traveling at 65 m.p.h., with- 
out undue noise or undue effort on the part of the driver. 

In summing up, Mr. White stated that although the use 
of a transmission of the type described increases somewhat 
the maximum road-speed of the vehicle, its main purpose is 
not that, but to provide flexibility in meeting the conditions 
of both level and hilly country, and to eliminate the vibra- 
tion of rotating chassis parts. Among other advantages 
claimed for it are greater gasoline economy, decrease in oil 
consumption, better cooling, due to slower engine-speed, bet- 
ter accelerating and hill-climbing ability, greater compact 
and ease of driving, and increased life of the engine, chassis 
and body. 


STUDENT GROUP MEETING IN OHIO 


Annual Meeting Sessions and Automotive Transport 
Engineering Field Reviewed 


The dean and seven professors of the engineering college 
of Ohio State University and 34 students attended a dinner 
meeting of the Student Group organized under the auspices 
of the Society, which was held Feb. 3 at, the Ohio Union 
Cafeteria in Columbus, Ohio. 

Following the dinner, H. L. Cannell, chairman of the 
Group, gave a brief report on the Annual Meeting of the 
Society in which he reviewed the more important points 
brought out at the sessions that he attended. A vote of 
thanks was given him for representing the Student Group 
at the meeting and for the interesting account he gave of it. 

R. E. Plimpton, chairman of the Subcommittee on Student 
Activities of the Sections Committee of the Society, then 
gave a talk on The Growing Profession of Motor-Transport 
Engineering, in which he enlightened the students regarding 
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the future that this field of work holds out for the young 
engineer. 

An all-day meeting and evening session of the Group, 
which members of the Cleveland and Dayton Sections would 
be invited to attend, was proposed by H. M. Jacklin, pro- 
fessor of automotive engineering at the University, who sug- 
gested that the visitors could inspect the campus and the 
engineering college during the day and participate in a 
dinner-meeting in the evening. This suggestion was ap- 
proved by Dean Hitchcock, of the University, who also con- 
sented to allow the members of the Student Group to leave 
their classes early some day to attend a meeting of the Day- 
ton Section. 

Plans for a meeting in April contemplate an address by 
R. E. Wilson, of the Research Council of the Standard Oil 
Co. of Indiana, on the subject of broadening-out by engineers, 
and a dinner-meeting of the Group in the evening. 


FIELDS FOR MOTORCOACHES 


Limitations of Profitable Operation Analyzed at Metro- 
I ; 
politan Section Meeting 


Motorcoach operation in 
city and interurban service in 
northern Ohio by the traction 
company with which the au- 
thor is connected was anal- 
yzed comprehensively in a 
paper delivered by R. N. 
Graham, manager of railways 
of the Pennsylvania & Ohio 
Railways Co., at the regular 
monthly meeting of the Met- 
ropolitan Section, which was 
held on the evening of Feb. 
17, at the Hotel Woodstock, 
New York City. 

The ‘purpose of the paper 
was to define the fields in 
which the motorcoach can be 
operated profitably, and this 
was done by comparing mo- 
torcoach and electric street- 
car operations in virtually identical services in Youngstown, 
Ohio, on parallel routes approximately 2% and 3% miles long. 
Conclusions were drawn by the speaker from his experience 
and studies that motorcoaches of 16 to 21-passenger capacity 
have no place in city mass-transportation, single-deck motor- 
coaches seating 25 to 29 passengers cannot be operated with 
profit at the standard flat rate of fare on routes exceeding 
3 miles, except under unusual conditions, and the use of 
double-deck coaches to increase the earnings is impractical 
because these cannot be operated with safety by one man, as a 
60-passenger street-car can be operated. 

Four fields that offer possibilities of profitable operation in 
cities were defined as (a) on routes of not more than 3 miles 
where passenger traffic is dense, (b) on longer routes where 
peculiar conditions provide intermediate or short-ride traffic, 
(c) on routes serving territory that is not served by street- 
cars and where the financial condition of the street-railway 
company forbids the installation of tracks but where some 
form of transportation is required to provide adequate trans- 
portation in the community, and (d) special supplementary 
service at a much higher rate of fare to furnish unusual con- 
venience to customers, such as express service from the 
suburbs to the heart of the city. 

In addition to these urban fields Mr. Graham cited the field 
of great opportunity in interurban service and described and 
furnished data on his own company’s operations from 
Youngstown to Cleveland and Akron in Ohio and Meadville, 
Pa. 

Figures on depreciation and itemized operating and majin- 
tenance costs were given. The speaker also offered a numbér 
of suggestions to motorcoach designers and builders regarding 
needed improvements in the vehicle. Among these were 
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better and more easily relined brakes; fuel tanks that can be 
refilled more quickly; more accurate speedometers; greater 
strength in frames, driving spindles, propeller-shafts and 
other parts that take heavy strains; more efficient mufflers; 
and greater attention to safety considerations. 


SECRET OF SUCCESS OF SECTION MEETINGS 


Chairman F. K. Glynn, of the Metropolitan Section, in open- 
ing the meeting, read a paragraph from a letter from Thomas 
J. Litle, Jr., president of the Society last year, in which Mr. 
Litle commented favorably upon the progressive and whole- 
hearted cooperation among the members of the Section and 
the results that have been accomplished as a result of the 
spirit that has characterized their activities. Mr. Glynn then 
recounted briefly how the Papers Committee functions; its 
work for the season was started last year with meetings in 
June and August to plan the season’s work, and each member 
of the Committee was made responsible for at least one 
monthly meeting. He then told of the work of the Membership 
Committee and said that the Section had exactly 149 more 
members than at this same time’a year ago. The Committee 
started its campaign, he said, last July and every member 
has done a 100-per cent job and all are still working hard. 
The excellent way in which the Reception Committee handled 
the attendance of more than 500 at the 1927 Automobile-Show 
Dinner-Meeting was commented on as well as the good work 
of the Nominating Committee and the members who have 
compiled the monthly Booster. 

R. E. Plimpton was then called to the chair as a member of 
the Papers Committee to take charge of the meeting on motor- 
coaches. The work of planning for this meeting, said Mr. 
Plimpton, was begun last summer and it was decided that a 
man was wanted to present the subject who was familiar with 
operating conditions in a community of average size and who 
had experience with both city and interurban operation. After 
Mr. Graham had been selected and had consented to give a 
paper, said Mr. Plimpton, his company received the Coffin 
Award for its excellent work during 1926 in both motorcoach 
and electric-railway operation and Mr. Graham had been 
elected chairman of the Committee on Motorcoach Operation 
of the American Electric Railway Association. 


BALTIMORE COMPANY SEEKING THE ANSWER 


Voluminous discussion, both written and extemporaneous, 
followed presentation of Mr. Graham’s valuable contribution 
to the subject of motorcoach operation. Adrian Hughes, of 
the Baltimore Coach Co., a subsidiary of the United Railways 
& Electric Co. of Baltimore, stated that the latter company 
began the operation of buses as early as 1915 with the object 
of meeting jitney competition and has operated railless 
vehicles ever since. It very soon found that they have a use- 
ful place in transportation even in a large urban service. His 
company’s operations have been confined to the metropolitan 
area of Baltimore and the immediate vicinity, he said, and it 
never has had any interurban operations by either street-car 
or motorcoach. Through the Baltimore Coach Co. it now 
operates 80 motorcoaches over 11 routes aggregating 87 miles 
in length. In 1926 the motorcoaches carried more than 8,000,- 
000 passengers and earned a revenue of $708,000. He regards 
the design and even the maintenance of the motorcoaches as 
secondary to the big problem of their proper application to the 
transportation needs. It has been necessary to make an in- 
tensive analysis and study of the company’s own operations 
and also of operations on other properties. He was not pre- 
pared to say that the answer has been found yet, although it 
is of first importance to electric and steam railways, to inde- 
pendent operators and to the motorcoach builders. 

Application of the motorcoach is a matter of economics. 
As a result of the experience in Baltimore, Mr. Hughes said 
he was inclined to doubt if the motorcoach has much of a field 
in large cities over established street-car lines but it has an 
application for connecting lines and feeder lines. In large 
cities it may remain for some time a comparatively small but 
important part of the total transportation system. It is im- 
portant to investigate the cost of operating and the revenue 
from each route separately from the operation as a whole. 


At present it seems to his company that the street-car is best 
for a transportation system in a city of some size, because of 
its economy of operation and because traffic congestion calls 
for the use of a unit of large capacity. Even the double-deck 
motorcoach does not seem to solve the problem as compared 
with the street-car, due to delay in loading and unloading. 

To determine where motorcoaches can be used it is neces- 
sary to know where they cannot be used. One group of opera- 
tions by his company which shows an annual profit of $20,000 
is operated independently of and in competition with the rail- 
way system. The remaining operations, which are embraced 
in a group that is part of the railway system, show a deficit 
of more than $50,000. The coaches in this second group oper- 
ate at the street-railway fare and transfer passengers with 
the street-cars. However, comparing costs of the service by 
motorcoach with equal service given by street-car, an indicated 
saving of more than $400,000 a year by the use of motor- 
coaches has been found. From this point of view the opera- 
tion is very satisfactory. It indicates that the motorcoach 
has a very useful application in an urban railway property. 

SUGGESTS COACHES IN INNER TRAFFIC ZONE 

Voicing his acceptance of Mr. Graham’s belief that single- 
deck motorcoaches cannot be operated with profit on city 
routes more than 3 miles in length at the street-railway flat 
fare of 7.6 cents, C. W. Stocks, editor of Bus Transportation, 
expressed the belief that such vehicles can be used in many 
cities in the inner traffic zone, leaving the railway to operate 
the longer flat-fare city routes with cars of larger capacity 
than that of the present single-deck motorcoach. This inner 
zone can have a radius of 3 miles and a maximum length of 
haul of 6 miles, for a flat fare of 8 cents plus a transfer 
charge of 1 cent. Such a plan would offer a wide use of the 
motorcoach. 

With single-deck coaches of larger capacity than at present, 
which is possible on even a four-wheel chassis, it is likely, he 
said, that the length of the route into new territory can be 
increased beyond the 3-mile limit if the traffic warrants such 
an increase. To hold the railway service profitable in the 
outer zone, however, the minimum number of car-miles must 
be operated and such operations must be carefully scheduled. 

A field overlooked by Mr. Graham is in short-cut or by-pass 
trips by motorcoach from large employment centers at specific 
times of day, continued Mr. Stocks. Coach routes can be laid 
out to meet the needs of the workers without carrying them 
through a central point and requiring them to transfer to 
other routes. Again, the motorcoach seems suitable for 
special rush-hour routes in city service for one-way traffic to 
take the place of tripper car-service over special routes in 
the morning and evening to tie-in parts of the city that are 
not reached by the regular routes. 

The special-service field offers an opportunity for a zone 
system on a mileage rate of fare at 5 cents, with a seat offered 
to every passenger. This is primarily a rush-hour service, 
which can be extended as conditions warrant. The routes 
would not blanket the city until the service became sufficiently 
popular. This is a field for the small parlor-car type of 17 to 
21-passenger capacity to be used as a developer of traffic. 
Such service at a flat 25-cent fare is in operation in the 
City of Washington, Pittsburgh and Kansas City, Mo., and 
in a modified form in Toronto. 


EARNING PROFITS ON STRUCTURES PAID FOR 


Would the figures on cost of electric-railway service be so 
favorable if the railway lines were to be installed at the 
present cost of labor and materials, or if extensions of the 
railway lines were made at present costs? asked C. M. Manly 
of Mr. Graham, who replied that in his opinion they would 
not in Youngstown, where any possible profit that could be 
made from electric railways would not justify any company 
in laying new track. In further explanation in response to 
questions by Mr. Manly along this same line, Mr. Graham said 
that the capital investment, whether in motorcoaches or street 
railways, is not an element of operating cost except the item 
of depreciation. This item would be larger as the cost was 
larger but the depreciation on the track structure is figured 
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at only 5 per cent a year, and the mere increase in this item 
would not wipe out an operating profit of 11 cents per car 
mile. A profit would remain but it would not be sufficient to 
justify laying tracks. His company now earns 4 per cent net 
return on its investment. If the investment were greater the 
return would be less, and a better return could be obtained by 
putting the money in the savings bank. But with the street- 
ear tracks already laid, the company is better off to operate 
street-cars than it would be to replace them with motor- 
coaches, because the investment is already made. 

Mr. Wilson, of the General Electric Co., presented some pre- 
pared discussion on the advantages of gasoline-electric motor- 
coaches as now used extensively in Philadelphia, in various 
sections of New Jersey, and in New York City, Albany, At- 
lanta and Miami. 

Referring to Mr. Graham’s criticism that air-brakes cause 
excessive tire-wear, H. D. Hukill, of the Westinghouse Air 
Brake Co., stated that since the air-brake was adapted to the 
automotive vehicle it has been necessary in many cases to 
redesign the earlier and lighter types of manually operated 
brake to obtain the full benefits that are possible with power 
operation. Coordinated and intensive developments by axle, 
vehicle and air-brake manufacturers in the last few years 
have resulted in eliminating causes of the criticism. 

On this same subject Carl Abell, of the American Car & 
Foundry Motors Co., said that air-brakes have been developed 
to use a definite type of metal shoe that conducts heat away 
from the brake-band and tire rim and that has a coefficient 
of friction that is suitable for use in the power-brake. Brake- 
linings developed for foot-operated brakes have an extremely 
high coefficient of friction, he said, and are heat insulators. 
If these are used with power-brakes and on small-diameter 
wheels where the brake-drum is close to the rim, considerable 
heat is conducted to the tire. This is sufficient in many cases 
to vulcanize the tire bead and cause blowouts. 

A series of lantern slides of two types of gasoline-electric- 
drive four and six-cylinder motorcoaches developed in the 
last 2 years by the company with which he is connected were 
displayed by Charles Froesch, of the International Motor Co. 


SECOND STUDENT BRANCH FORMED 


Massachusetts Institute of Technology Students Line 
Up with the Society 


Following preliminary conferences and a meeting last 
January at which a charter was adopted and officers and 
faculty advisers were elected, the Student Branch of the 
Massachusetts Institute of Technology held a meeting at the 
Institute on Feb. 9 and were formally welcomed into the 
Society by Glenn S. Whitham, chairman of the New Eng- 
land Section. Mr. Whitham extended an invitation to mem- 
bers of the Student Branch to attend meetings of the Sec- 
tion. An attendance of 125 students and others was re- 
corded. 

Superchargers was the subject chosen by the principal 
speaker, Dr. S. A. Moss, engineer of the Thomson Research 
Laboratories, General Electric Co., West Lynn, Mass. Illus- 
trating his address with lantern slides, Dr. Moss traced the 
development of the supercharger from the first crude at- 
tempts at supercharging made with gas turbines to the 
modern superchargers used on aircraft and on racing-car 
engines today. He also discussed the supercharging of large 
Diesel engines and predicted that high-compression internal- 
combustion engines equipped with superchargers may be- 
come adapted for use on motor-cars of the future. Attention 
is called to the valuable 1926 Annual Meeting Paper on 
Supercharging Internal-Combustion Engines, by C. R. Short,’ 
to which Dr. Moss contributed a lengthy illustrated discus- 
sion of superchargers.’ A full-size airplane-engine super- 
charger was exhibited and explained to the students by Dr. 
Moss. 





1See TuHwe JOURNAL, February, 1926, p. 185. 
?See THE JOURNAL, October, 1926, p. 385. 


According to the report of Arthur F. Underwood, chair- 
man of the Student Branch, a particularly interesting ex- 
hibit was ‘provided by A. A. Nichols, a student. The exhibit 
was a portion of an engine cylinder-block used by Harry 
Hartz in a racing car. An overhead valve had broken and, 
after falling into the combustion chamber, had been driven 
through the cylinder-head. The mutilated piston, the bent 
valve and two supercharger gears designed to run at 30,000 
r.p.m. were also exhibited. 

The Student Branch reports a steadily increasing enroll- 
ment. Two meetings per month are scheduled, and the plan 
is to alternate addresses and inspection trips. 


THE ELECTRODEPOSITION OF RUBBER 


Theory and Commercial Aspects Discussed at Meeting 
of Detroit Section 


Electrodeposition of rubber and the commercial possibili- 
ties of the anode process held the attention of members and 
their guests at the February meeting of the Detroit Section. 
Dr. S. E. Sheppard of the Eastman Kodak Co., inventor of 
the process of the electrodeposition of rubber, read a paper 
on this subject, describing the original experiments that led 
him to believe that rubber could be deposited electrolytically, 
the later developments by which this was proved to be pos- 
sible, the procedure entailed in depositing various rubber 
compounds, and the application of the process to attaching 
rubber to metal. J. W. Schade, director of laboratories, B. F. 
Goodrich Co., Akron, Ohio, discussed the commercial aspects 
of the anode process, paying particular attention to the fac- 
tors influencing the successful commercial application of the 
process and the quality of rubber produced. He made com- 
parison of the rubber obtained by anode deposition and by 
the usual process as regards aging, the quantity of mate- 
rial required, the cost of the material, the cost and size of 
the powerplant necessary, the cost of labor and power, the 
amount of waste remaining, and the general applicability 
of the anode process to the various processes of the present 
rubber factory. 

Dr. Sheppard preceded his discussion of rubber by a resume 
of the properties of electrically charged suspensions and 
made reference to the nature of rubber and of rubber latex. 
Because of the fact that rubber-producing plants are trop- 
ical growths, it is only recently that intensive scientific 
investigations have been made on the properties of the latex 
itself. 

ORIGIN OF THE IDEA 


Dr. Sheppard stated that he had first conceived the idea 
of electrodeposition of rubber while working in the laboratory 
of Victor Henri at La Sorbonne, Paris, where he observed 
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that the particles in latex were in constant Brownian move- 
ment and that latex behaved like a typical negatively charged 
colloid, the particles being precipitated and coagulated by 
positively charged ions. An experiment by Professor Henri, 
in which he showed that if latex were diluted with water or 
weak ammonia in a U-tube and a current passed between 
two platinum electrodes, the rubber particles move in the 
direction of the anode, forms the nucleus of the process of 
electrodeposition. Years later, while working in the research 
laboratory of the Eastman Kodak Co., this experiment 
occurred to Dr. Sheppard and the question arose, if rubber 
particles in aqueous suspensions could be transported by 
the electric current, could they not be electrically deposited, 
that is, rubber electroplated? 

But although it was found that electrodeposition was pos- 
sible, this was a long way from the practical application of 
the process, for rubber must be vulcanized to be useful. The 
essential thing was that the rubber produced should be sim- 
ilar to the rubber compounds that have already been devel- 
oped. In other words, it must be possible to deposit elec- 
trically, at the same time as the rubber particles, other 
substances, such as sulphur, minerals, organic fillers, acceler- 
ators, softeners, and other materials according to various 
specific requirements. The suspensions must all be of the 
same charge, for if those of opposite charges are mixed, the 
suspended substances will precipitate each other. 


ELECTROPHORESIS AND THE DEPOSITION OF RUBBER 
COMPOUNDS 


Transport of electrically charged particles is termed elec- 
trophoresis, and its application to the forming of deposits of 
compound rubber was made independently by Dr. Sheppard 
and L. W. Eberlin in this Country and Dr. Paul Klein in 
Budapest, Hungary, in the period of 1921 to 1922. 

The electric circuit for plating rubber requires a direct 
current of from 30 to 50-volt pressure, while the density of 
the current is generally from 1/10 to % amp. per sq. in. 
When a mixture of rubber, sulphur and other ingredients is 
electrodeposited, the composition remains’ substantially 
uncharged during the coating, and the preparation of the 
components in the deposition is the same as that in the solu- 
tion. 

The current efficiency of the process, continued Dr. Shep- 
pard, is very high when compared with the electrodeposi- 
tion of metals, about 1500 grams of rubber alone, or 2000 
grams of a mixture of one-half rubber and one-half zinc 
oxide, being deposited per farad. Later experiments have 
shown a deposition of 4850 grams of rubber per farad with 
a current efficiency of 0.02 kw-hr. per lb. This means that 
160 times the amount of rubber can be deposited as could be 
plated of nickel with the same amount of current, while a 
deposit 1400 times as thick as the equivalent nickel deposit 
is obtained. 


COMMERCIAL ASPECTS OF THE ANODE PROCESS 


Mr. Schade’s contribution dealt principally with the com- 
mercial aspect of the anode process and was devoted mainly 
to comparing the products obtained by the anode process 
with those obtained with the process at present in use. 
Experimental evidence, he said, indicated three reasons that 
lead to the opinion that the anode process must yield stronger 
and tougher material than the current methods of operation, 
namely, (a) there is no mastication of the rubber, (b) the 
pigments are fine enough to remain suspended in the water 
mixture and (c) powerful acceleration may be incorporated 
without danger of vulcanization before the desired article is 
formed. Stress-strain curves for a compound as mixed on a 
mill and as deposited by current show increased tensile- 
strength, greater elongation and increased total energy neces- 
sary to rupture the anode material. When subjected to the 
aging test, the anode process yields products much superior 
in strength, toughness and aging qualities to similar com- 
pounds processed by the usual methods. Mr. Schade likened 
the products developed by the anode process to the develop- 
ment of special steels, in their ability to yield better service, 
with a marked saving in the quantity of material used. 
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ADVANTAGES OF ANODE DEPOSITION 


Among other advantages of the anode process cited by 
Mr. Schade were better quality of material at a lower cost 
per article; lower cost of a plant for manufacturing articles 
by the anode process; substantial economy because of the 
lighter and cheaper machinery and the reduced floor-space 
required; lower labor-cost resulting from the use of power 
in place of manual labor; the reduction in the amount of 
skilled labor required; the continuous nature of the anode 
process as contrasted with the present discontinuous proc- 
esses and the introduction of automatic control of process- 
ing; the lower cost of rubber per pound produced; the 
reduced waste and the enhanced value of whatever waste is 
entailed; and the applicability of the process not only to 
the present requirements of rubber manufacturers but to 
new uses and to economical small-scale as well as large-scale 
production. 


MECHANISM OF LUBRICATION ANALYZED 





Robert E. Wilson Demonstrates Lubrication Principles 
to Milwaukee Section 


Motion pictures made by 
the Bureau of Mines to illus- 
trate the story of lubrica- 
tion were shown at the meet- 
ing of the Milwaukee Sec- 
tion which was held at the 
Hotel Blatz, Milwaukee, on 
Feb. 2, preceding an address 
on the Mechanism of Lubri- 
cation by Robert E. Wilson, 
member of the research coun- 
cil of the Standard Oil Co. of 
Indiana. Sixty members and 
guests attended. An added 
feature, also of great inter- 
est, was the exhibition of the 
actual behavior of an oil-film 
in a glass bearing. 

Mr. Wilson said in part 
that the first fundamental 
thing about lubrication that 
it is necessary to understand is the precise behavior of the 
simplest case of lubrication, that is exemplified in a journal- 
bearing. Using a diagram of an ordinary journal-bearing 
having the clearance-space exaggerated, he indicated a load 
on this journal-bearing that causes reactions when the clear- 
ance-space becomes filled with a film of oil. At first, the 
journal is in metal-to-metal contact with the bearing. As the 
journal begins to turn, the tendency is to drag the oil-film 
into the clearance-space. This process is slow because it is 
one that creates pressure. As the journal turns faster and 
faster, more and more pressure is generated to lift the 
journal off its seat in the bearing and, at that time, true 
fluid-film lubrication begins. As to the manner in which 
the pressure that supports the journal and makes it float on 
the oil-film is generated, the tendency has been created to 
drag the oil into the clearance-space and, as it cannot escape 
as fast as it is being dragged in, pressure is built up. Mr. 
Wilson then went on to describe in detail the resultant forces 
and reactions that must be considered. 

With regard to the determination of the coefficient of 
friction in a bearing, the speaker said that the ratio between 
the force required to move the journal in the bearing and 
the load that is applied will be some function of nine differ- 
ent variables and constitutes a complicated problem. Vis- 
cosity of the oil and the number of revolutions per minute 
vary from moment to moment. Other factors that must be 
considered are the clearance-space, the radial diametric 
clearance, the diameter of the bearing, the length of the bear- 
ing, and the smoothness or surface condition of the bearing. 
The method of oiling has an effect only in specific instances, 
but a rather indefinite factor that may be called the oiliness 
of the lubricant is a feature that is very important. 


R. E. WILSON 
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ANALYSIS OF THE VARIABLE FACTORS 


By so-called “dimensional reasoning,” Mr. Wilson showed 
how the number of variables can be reduced from nine to 
six and the three primary variables, speed of rotation, vis- 
cosity and pressure, can be brought into a single term for 
mathematical treatment. He then went into detail regard- 
ing the determination of relative values of the factors that 
must be considered, such as the coefficient of friction and 
the like. He pointed out that the whole proposition of lubri- 
cation is a compromise between conflicting demands and 
that the great danger is that the investigator may fix his 
attention on one factor to the exclusion of other important 
factors. 

PARTIAL LUBRICATION AND CORROSION 


Mr. Wilson stated that a number of interesting effects 
are prevalent in the region of partial lubrication. Concern- 
ing the coefficient of friction, he said that there is little 
difference between water, glycerine and air, in regard to 
friction, and that one can obtain lubrication with air if the 
load on the bearing and the speed are suited to the viscosity 
of the oil. Bearings might be lubricated with water. But oil 
possesses Viscosity, which has an important effect on the co- 
efficient of friction. The speaker showed lantern slides illus- 
trating the various effects that partial lubrication has. 

Corrosion may cause worse results than wear, which is 
the fundamental reason that oils are used as the basis of 
lubricants, the speaker remarked. Although water, glycerine 
and other substances will carry bearing-loads, all are likely 
to cause rapid corrosion; but a properly refined oil is free 
from corrosive agents. He described also the contamination 
of lubricants by foreign substances. Change of the vis- 
cosity of oil with temperature, a characteristic of all oils, 
was mentioned as being one of the great difficulties of se- 
lecting a proper compromise of all the factors that compose 
a suitable lubricant. 


FREQUENCY OF CHANGING OIL 


Regarding the frequency with which lubricating oil should 
be changed, Mr. Wilson said in the course of the discussion 
following the paper that, in the case of a certain car equipped 
with an oil-filter and an air-cleaner, the builder advocates 
changing the oil four times per year. He said that this 
period is entirely reasonable, provided the oil is of heavy 
enough base at the start. Beyond 3 months before an oil 
is changed, the results of failure to change the oil are 
likely to be detrimental and more costly than would be the 
installation of new oil. He believes it better to remove the 
oil, clean the passages and install fresh oil and that the oil- 
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filter should be removed, cleaned and replaced. As to de- 
vices for eliminating dilution, Mr. Wilson mentioned two that 
show an equilibrium of 10 to 15 per cent and reduce the 
amount of dilution from being extreme to being moderate 
and fairly normal. An equilibrium is reached at from 200 
to 250 miles; at 500 miles, the amount of dilution does not 
change materially, and the bad effects are due mainly to the 
accumulation of dirt and other substances. By keeping dirt 
out, a car will run longer with diluted oil before damage 
occurs. 
FLASH AND FIRE TESTS 


Answering a question whether flash and fire tests of oils 
are indications of their efficiency, Mr. Wilson said that he 
considers the flash and the fire test least important of all 
the factors. In some cases, the emulsion test is important. 
The tendency of the oil to oxidize is also important. The 
heavier the oil is, the less is the quantity of oil that will 
work up past the piston-rings, but the more is the quantity 
of carbon deposited by a given amount of oil. Oils of the 
same viscosity, fire and flash test will have the same lubri- 
cating value. Two oils of the same viscosity at the same tem- 
perature will give practically the same amount of friction in 
the region of film lubrication. One oil may deteriorate more 
rapidly; one may become solid at a higher temperature than 
another. Further, two oils may be tested at one temperature 
and show the same viscosity but, when tested at the operat- 
ing temperature, they may be found to be different. 


EFFECT OF HIGH TEMPERATURE OF OIL 


In reply to a query regarding the effect of high temperature 
on oil, for example on oil that is introduced into the steam 
line of a Corliss engine, Mr. Wilson said that in such case the 
fire and the flash tests of an oil probably have some sig- 
nificance because they measure the tendency of an oil to 
evaporate. An oil is needed that will stay fluid at the operat- 
ing temperature, will not “crack” and will adhere to the 
cylinder-wall. He stated that it is difficult to cause any oil to 
function satisfactorily at temperatures above 600 deg. fahr., 
although this can be done. The conditions are worse for an 
oil in an engine using superheated steam than they are in an 
automobile engine. In the latter, the oil-film is only about 20 
deg. fahr. hotter than the cooling-water, but when in contact 
with superheated steam, the oil reaches the temperature of 
the steam. 


GREASES 


Regarding the percentage of oil contained in grease, Mr. 
Wilson said that the oil content varies from 75 to 90 per cent. 
Greases deteriorate in other ways than because of oxidation 
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of the oil. Under certain conditions, the presence of water 
in some greases tends to cause the constituents to separate. 
Although grease is not replenished as frequently as is lubri- 
cating-oil, with tight bearings only a small quantity of air 
can enter and cause oxidation. When using oil, the supply 
must be maintained to make up for leakage, but grease stays 
in place for a longer period and requires minimum replenish- 
ment. Some greases contain soap, which tends to increase the 
oiliness; but soap in an oil creates a tendency to foam and to 
form a detrimental emulsion. With reference to the lubrica- 
tion of shackle-bolts, for example, Mr. Wilson said that oil 
probably is better than grease if the supply of oil is main- 
tained, as can be done in the case of a universal oiling-system. 
But the danger is that the oil supply will not be maintained 
under ordinary conditions and, therefore, grease is a better 
lubricant because it remains in place longer. 


LUBRICATION OF OSCILLATING BEARINGS 


The question was asked whether Mr. Wilson’s statement 
that rotating bearings should be lubricated from opposite the 
pressure side applies to an oscillating bearing such as that 
of a piston-pin. Mr. Wilson replied that oscillating pressure 
tends to create a very desirable condition in that the oil-film 
is not being dragged in at one place and thrown out at an- 
other. The oil-film is kept vibrating and, before the oil-film 
can thin out, the direction of thrust changes and it is pushed 
back in the opposite direction. 


THE FUEL PROBLEM CONSID ERED 


Good Engine-Operation and Economy Needs Discussed 
at Buffalo Meeting 


An undertaking by A. Lud- 
low Clayden, research en- 
gineer of the Sun Oil Co., to 
tell members of the Engi- 
neering Society of Buffalo, 
local members of the Amer- 
ican Society of Mechanical 
Engineers and members of 
the Buffalo Section what 
gasoline was, is and will be, 
in a brief address at a joint 
meeting of these bodies had 
the virture of eliciting much 
up-to-the-minute information 
in the discussion. 

The meeting was held at 
the Hotel Statler, Buffalo, on 
the evening of Feb. 1, and a 
buffet luncheon was served 
after the meeting. Vice- 
Chairman W. R. Gordon pre- 
sided. To aid with the discussion T. G. Delbridge, supervisor 
of the process division of the Atlantic Refining Co., and G. G. 
Brown, professor of chemical engineering, University of 
Michigan, presented prepared discussion which was illus- 
trated with lantern slides. 

Mr. Clayden spoke of the four stages of exploitation of a 
natural resource as (a) discovery of the material, (b) uses 
to which the material can be put, (c) shortage of the raw ma- 
terial, and (d) discovery of how to maintain a requisite 
supply of the raw material or its equivalent. He then 
sketched hastily the stages through which gasoline has 
gone and the alarming possibility of a shortage of the sup- 
ply that developed by 1920. He mentioned as the three pos- 
sible natural sources of supply, (a) petroleum, (b) coal and 
(c) vegetation, and said that for probably the next 50 years 
the first will remain the major source and that the con- 
trolling factor in the price of automotive fuel will be the 
cost of extracting it from the ground and transporting it to 
its point of utilization. 


CHANGES IN QUALITY BROUGHT DIFFICULTIES 


How increasing demand caused refiners to use more and 
more heat in the distillation process and then resort to chem- 
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ical treatment to remove the bad odor was recounted. The 
resulting lowering of the quality of the fuel introduced new 
problems of carburetion and manifolding, increased the diff- 
culty of starting the engine and caused dilution of the 
lubricating-oil and tendency toward detonation. Great me- 
chanical improvement in engines and at least equal improve- 
ment in the fuel have since been made. Adoption of speei- 
fications for gasoline between 1917 and 1920, all evolved to 
compel the refiner to supply fuel of adequate volatility, com- 
bined with heavy demand, caused a rapid rise in price. This 
situation led to a series of cooperative tests by the Society, the 
National Automobile Chamber of Commerce and the Bureau 
of Standards which resulted in the present Government speci- 
fication for motor gasoline. In the last 2 years it has been 
learned, he said, that volatility has little to do with pos- 
sibilities for economical utilization of fuel. 

The problems of starting and detonation were discussed 
briefly by the speaker, who also mentioned the use of erack- 
ing processes and the necessity for developing both engines 
and fuels that will permit of higher compression without de- 
tonation. In conclusion he referred to a comparative test of 
an antiknock fuel and a standard gasoline in two groups 
of 25 taxicabs each for a period of 30 days. The group 
using the antiknock fuel showed an average of 10.876 miles 
per gal. against 9.554 miles per gal. for the group using the 
usual gasoline. 


Low VOLATILITY AT HIGH TEMPERATURE NEEDED 


Relating some of his experience in testing the antiknock 
property of fuel, Professor Brown remarked that several 
months ago he shaved off 3/32 in. from the under side of the 
head of his engine, which gave him a relatively high com- 
pression, and enabled him to increase his mileage from 12% 
miles per gal. to 13 miles under all driving conditions and 
without special regard to antiknock qualities of the usual 
run of gasoline obtained from filling-station pumps. 

Volatility of the fuel is at present fully as important as its 
antiknock properties, he believes. In the winter the driver 
changes the carbureter adjustment to keep his car running 
satisfactorily in cold weather, but if a fuel can be supplied 
that is volatile enough so that the driver need not change the 
carbureter adjustment he will get better mileage. But 
volatility is of more than one kind; some fuels will vaporize 
completely at relatively low temperature, whereas others 
will vaporize only partially. High volatility at low tempera- 
ture is wanted in cold weather; we do not care about com- 
plete volatility at high temperature. Fuels that are vapor- 
ized completely at low temperatures in the manifold actually 
show a decrease in engine power when the engine is hot and 
an increase in fuel consumption in the modern automobile 
engine, Professor Brown asserted. 

So long as builders are providing cars with highly heated 
manifolds, it is necessary, to obtain the best results when 
the car is warmed-up, to have a fuel of sufficiently low vola- 
tility, since fuels that require a high temperature for complete 
vaporization give better performance when the engine is 
heated highly. Different automobile-engines demand a great 
difference in volatility, and to meet this wide difference a fuel 
of high volatility at low temperature should be supplied to 
enable the engines to start quicker, and a fuel of low vola- 
tility at high temperature should be supplied for those cars 
that have a high degree of heat in the manifold. From a 
theoretical as well as a practical consideration a fuel is 
needed that has a nearly vertical distillation range and not a 
flat range. 

Some engines use a fuel of 450-deg. fahr. end-point and in 
summer even a higher end-point. Better performance is ob- 
tained with 450-deg. end-point fuel than with a fuel of lower 
end-point in some cars that have a large amount of heat; 
therefore the 450-deg. end-point is a perfectly logical cut 
even when gasoline is produced by efficient fractionation. 
This will enable the refiners to make a deeper cut into their 
petroleum, and it is a purely economic problem whether we 
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ABSTRACT 


EQUIREMENTS for airplanes for personal use are 

governed by individual preferences and by geo- 
graphic location. Airplane performance must be such 
as to meet these requirements. The author advises the 
adoption of definite factors of safety for the structural 
parts of commercial airplanes, similar to those de- 
manded in military aviation but modified because com- 
mercial-airplane service is less severe. For the smaller 
types the present training-airplane safety-factors for 
structural parts will suffice; for the larger types, fac- 
tors similar to those now used in airplanes of the trans- 
port type are suitable. Safety in flying is paramount. 

Experienced pilots agree that excess power is the 
foremost safety feature in an airplane, because a ma- 
chine that can climb fast can be controlled better and 
more quickly, requires a shorter run before take-off, is 
able to climb out of a small field better, and gives the 
pilot greater leeway for maneuvering in case of engine 
failure when taking-off. More crashes occur on take- 
offs than from straight flying or landing, because of 
failure to reach a sufficient height and gain full con- 
trol for maneuvering. Other features of the paper re- 
late to enclosed cabins, the use of brakes to facilitate 
quick stopping, folding wings, and miscellaneous de- 
sirable practices regarding design. 

In conclusion, it is said that the Government should 
encourage the marking of all towns and cities, stimu- 
late the establishment of municipal airdromes and 
standardize night-flying equipment. Further, that the 
Government should require strict mental, physical and 
practical-flying examinations of civil fliers, similar to 
those of the Army and Navy, and periodical physical 
examinations of all pilots. 

Main features of the discussion of the paper include 
arguments for and against enclosing the pilot in the 
cabin of airplanes so equipped, these being very sim- 
ilar to former arguments for open or closed automo- 
biles. Reasons are expressed for fearing governmental 
control of civil aviation, founded on English experience 
with such control which killed all commercial aviation 
of the type based on individual ownership. The author 
deplores the promiscuous flying of low-powered air- 
planes except under adequate restrictions and enlarges 
upon the subject of brakes for airplanes. 


CCURATE prediction of airplane requirements for 
individuals who desire airplanes for their per- 
sonal use is more than an individual problem be- 

cause the requirements are governed by individual de- 
sires and by geographical location, and the performance 
of the airplanes must meet these requirements. Our 
information has been gained from inquiries we have 
received from persons throughout the Country who 
Specified various requirements, which usually can be 
met without altering our basic designs. 

The foremost airplane designers of today have all been 
trained in the problems peculiar to military aviation, 
which demand definite safety factors for various struc- 
tural parts, and it would be wise for the newly organized 
Department of Civil Aeronautics to demand similar 
definite safety factors in commercial airplanes. These 
need not be as high, because a commercial airplane is 
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Fic. 1—BUHL-VERVILLE AIRPLANE 
Various Features Mentioned in the Text Are Evident 


not required to meet the severe maneuvers which mili- 
tary airplanes must necessarily undergo. For the 
smaller types the present training-airplane factors, and 
for the larger types the present transport-airplane fac- 
tors, should suffice; but, at present, these should serve 
merely as a guide, because requirements of commercial 
and of private usage will vary as privately owned and 
operated airplanes become commonplace. 

Safety in flying is paramount and, as all airplanes are 
compromises of certain design-characteristics, a com- 
bination of features to assure safety is required. Econ- 
omy should not supersede excess power in privately 
owned airplanes as the airplane having an excess of 
power can be made very economical in flight by throttling 
and by intelligent use of the fuel-mixture control. This 
point was proved by making a comparison of two of our 
airplanes which were identical in structure except for 
the powerplant, the type being illustrated in Fig. 1. One 
was equipped with a 90-hp. engine; the other, with a 
200-hp. engine. With the same pay-load the 90-hp. air- 
plane used 10 gal. of fuel per hr. and had an average 
cruising speed of 80 m.p.h., while the 200-hp. airplane, 
throttled down, used 12 gal. of fuel per hr. and had an 
average cruising speed of 100 m.p.h., this efficiency being 
25 per cent greater when based on the familiar “load 
times speed” formula. 


ELEMENTS OF SAFETY 


Experienced pilots agree that excess power is the fore- 
most safety feature in any airplane. It is highly de- 
sirable because a fast-climbing airplane gives a pilot 
better and quicker control, takes a shorter run, climbs 
out of smaller fields, and gives him greater latitude in 
case of engine failure on taking-off. Investigations of 
flying accidents show that more crashes occur on take- 
offs than from straight flying or landing, because of 
insufficient height to gain full control for maneuvering. 

Visibility is exceedingly important, in the air and 
while landing or taxiing, because the most strongly built 
and best-flying airplane is not safe if “blind.” Landings 
on strange airdromes and flying in inclement weather 
are everyday hazards which require the best visibility 
that it is possible to incorporate in the airplane design, 
which brings up the much-discussed question of the ad- 
visability of enclosing the pilot and whether cabined air- 
planes which enclose the pilot are safe. 
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Brakes and Shock-Absorbing Struts Are Important 


2—TYPE OF LANDING-GEAR 


Features 


SAFETY OF CABINED AIRPLANES 


In the first Air Service transport airplane, the Glenn 
Martin Transport, the pilot was enclosed in the cabin, 
but later designs such as the L. W. F., made by the 
Lewis, Willard, Fowler Co., and the present standard 
Douglas Transport have the pilot’s cockpit open and 
merely use a windshield for protection. The present 
Stout all-metal monoplanes used by the Ford air-lines 
also have the pilot’s cockpit open. The preference of 
the pilots is for the open cockpit, and I believe that the 
larger commercial airplanes will keep the pilot in the 
open. The smaller privately owned airplane may prove 
satisfactory with the enclosed cockpit, provided the visi- 
bility is sufficient. The cleanness and the sociability 
provided by the enclosed cockpit, also the absence of 
heavy cumbersome flying-clothes and goggles, are ideal 
if flying conditions always were ideal; but a fogged 
windshield might prove disastrous and, in cross-country 
flying, storms are bound to be encountered. Celluloid or 
pyralin is easily discolored and is not, in heavy gages, 
sufficiently transparent for clear vision. Safety-glass 
panels are strong enough but are exceedingly heavy and 
have a certain amount of diffraction which troubles a 
pilot when landing. 

The enclosed cabin has an added advantage of comfort 
in winter flying as it is possible to heat the cabin, al- 
though this should not be done by the exhaust-manifolds 
directly but by the air circulating around the exhaust- 
manifold and drawn in through stoves. To heat directly 
by the exhaust gases would constitute too great a fire 
hazard. An enclosed cabin constructed so that the pilot 
can be partitioned off in stormy weather and can open 
the window to increase visibility without subjecting the 
passengers to any discomforts would be the ideal solu- 
tion of the smaller type privately owned airplane. 


BRAKES FOR AIRPLANES 


Quick stopping is also a safety feature, and several of 
the latest types of commercial airplane are equipped with 
brakes. These include the Buhl-Verville, an example of 
which is shown in Fig. 2; the Stinson; the Travel-Air; 
the Ford three-engine; and the Fokker airplanes. Be- 
sides shortening the length of roll when landing, they 
also aid in taxiing in high winds and eliminate the use 
of chocks under the wheels while warming up, as well as 
the hazard incurred in removing the chocks from under 


a whirling propeller. An airplane equipped with brakes 
is strictly a one-man vehicle. 

The most modern design of airplane brake is the 
Sauzedde, manufactured by the Sauzedde Corporation, 
Detroit. This consists of a wire wheel with three rows 
of offset spokes, a drop-center rim and the brake-drum 
streamlined into the wheel. The entire assembly weighs 
644 lb. more per wheel in the 30 x 5-in. wheel size than 
it does without brake equipment. The present use of 
brakes on airplanes is a resurrection of the old French 
practice which was abandoned in favor of the tail-skid 
brake on account of lightness; but heavy airplanes cut 
up the airdromes and fields with their tail-skids. Modern 
airplanes eventually will be equipped with a caster- 
mounted’ steerable-wheel instead of a tail-skid, and an 
airplane so equipped can readily land on the fairway of 
a golf course without plowing any furrows. A wheel 
will also eliminate the drag of the tail-skid and give 
quicker acceleration in taking-off. The use of brakes 
will make the present tail-skid obsolete. 


LANDING-GEAR AND OTHER FEATURES 


Landing-gears are now almost universally of the split- 
axle type, as shown in Fig. 3, which makes landings in 
plowed or furrowed fields safer and allows the plane to 
pass readily over rocks, stumps and other obstacles which 
would damage an airplane using a straight axle. 

The latest shock-absorbers are of the rubber-disc type, 
such as is shown in Fig. 4. They require no maintenance 
and eliminate the trouble of re-wrapping shock-absorb- 
ers, which is necessary periodically with the old-type 
elastic shock-absorber cord. 

Folding wings are a desirable feature from the view- 
point of easy storage, or of towing from one field to 
another without dismantling. When folded in place and 
left in the open, the airplane does not require staking 
down, and it can be stored in the average barn. 

Ease of maintenance and accessibility require quick, 
detachable engine-cowling, as well as large inspection 
plates for fuselage, control and tail-skid inspections. 
When accessibility for inspection is good, maintenance 
and inspection are not slighted. 

Instruments should be readily visible. They should 
not have too many graduations and should have the main 
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FRONT VIEW OF BUHL-VERVILLE AIRPLANE 
The Type of Engine and the General Design, as Well as the Split- 
Axle Type of Landing-Gear, Are Illustrated 
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graduations marked with luminous paint as this is im- 
perative for flying through bad weather and darkness. 
The choice between round-dial and vertical-dial instru- 
ments is a matter of personal preference, with the old 
pilots favoring the round-dial type because they are fa- 
miliar with them. 

Modern airplanes usually have more than one fuel-tank 
and the standard Air Service three-way fuel-valve with 
geared pump has proved the best because it is positive 
and eliminates the fire hazard caused by using air pres- 
gure in an air-tight fuel-tank. Gravity-feed tanks for 
emergency use easily can be located in the upper wing- 
panels, and this system is practically standard. 


FUTURE TRENDS 


More attention should be and will be paid to easy en- 
trance to and egress from cabins and cockpits, and more 
study will be given to muffling the engine exhaust. The 
whirling-chamber type of exhaust-manifold has given 
the most satisfactory results, although it must be re- 
membered that all long exhaust-manifolds are the 
greatest fire hazard on any airplane, as proved by the 
erash tests of the Engineering Division at McCook Field. 

Metal propellers are coming into more general use 
and have many advantages over the laminated wooden 
type. They are stronger, are not subject to atmospheric 
conditions, can fly through rain and hail without damage 
or take-off through high grass, and are made with varia- 
ble pitch, but they are slightly heavier and costlier than 
wooden propellers. There is no doubt of the superiority 
of the metal propeller, and its many advantages un- 
doubtedly will appeal to the private owner and operator. 

The single-engine type of privately owned airplane can 
be built readily with the maximum of 250 hp. and should 
be air-cooled. Whether the engine will always be radial 
and air-cooled is hard to predict; but we can rest assured 
they will be air-cooled, regardless of cylinder arrange- 
ments. More inquiries are received requesting informa- 
tion about our airplane equipment with an air-cooled 
engine than about our airplane equipped with a water- 
cooled engine. Taking these inquiries as a criterion, we 
can readily interpret the desires of the public. 

Geographical location and topographical conditions de- 
termine the airplane requirements of many prospective 
purchasers, and many inquiries are received from along 
the sea-coast regarding pontoon installations. Inquiries 
from the Great Lakes and the lake regions of Michigan 
and Minnesota are in regard to amphibians. As a sport 
type, the amphibian airplane offers many advantages, 
particularly as to storage facilities and the ability to 
choose its own landing-field. In fact, the amphibian has 
made the flying-boat obsolete as a pleasure craft. 

Performance need not be sacrificed in an amphibian 
as is proved by the performance of the Loening Am- 
phibians, but in the interest of lighter construction and 
due to the arbitrary limitation of 250 hp., the hulls prob- 
ably will be built of duralumin because of absence of 
water soakage, which is unavoidable with a veneer hull. 
Interesting experiments are now being conducted with 
rubber-covered veneer to reduce and possibly to eliminate 
this water soakage, but it is doubtful whether the added 
increase in weight, with its correspondingly reduced per- 
formance, can offset the added cost of a duralumin hull. 

The old question of monoplane versus biplane is often 
resurrected and again is carefully laid aside without 
reaching a definite decision, although the biplane can be 
Stored in a smaller hangar, is handled more easily and 
can be built lighter for the same factor of safety. The 
larger successful monoplanes today have either duralu- 
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min wings, with duralumin spars, such as the Stout 
airplanes, or wooden spars with veneer covering, such 
as the Fokker airplanes. Both are of the cantilever type. 
The old-type fabric-covered monoplane-wings have not 
proved successful owing to their lack of torsional rigidity 
which produces fluttering when the fabric loses its taut- 
ness. 

Biplane wings readily can be made to fold without any 
great difficulty in design or any need of stronger wing- 
fittings, but a monoplane requires stronger fittings be- 
cause the entire wing is supported only at one point 
when folded back. Equipment with folding wings has 
been accomplished successfully for small monoplanes, but 
in the larger types the greater overhang of the wing 
leads to serious structural difficulties. 

Stability in flight, while highly desirable to a limited 
degree, is not desired by the experienced pilots because 
it makes an airplane hard to control in rough air. Just 
enough stability so that an airplane can be set to fly 
“hands off’ in smooth air is sufficient, as, otherwise, the 
pilot must fight the “bumps” and the airplane also in 
rough weather. 

The average owner likes individuality and has his own 
ideas of color schemes, but it seems doubtful that me- 
chanical birds will ever have the brilliant coloring of 
their smaller feathered brothers. 

It is difficult to prophesy what help the Government 
will give to the private owner, but what it can do and 
should do is to encourage the marking of all towns and 
cities, to encourage the establishment of municipal air- 
dromes and to standardize night-flying equipment such 
as landing-lights, revolving beacons, obstacle-lights, and 
illuminated wind-cones and landing Ts, the last showing 
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the direction of the surface wind. The Government 
should require strict mental, physical and practical-fly- 
ing examinations, similar to those of the Army and the 
Navy, and should require a periodical physical examina- 
tion of all pilots similar to the present Army No. 609 
examination. This would serve as an index to the physi- 
cal qualifications of all pilots and be excellent insurance 
for the public that travels by air, because we cannot 
overlook the fact that the lives of all passengers are en- 
trusted to the pilot. 
THE DISCUSSION 

R. H. Depew, JrR.’:—Regarding whether the pilot 
should be enclosed in the cabin of a commercial airplane 
or should be in the open, the passengers only being in the 
cabin, the company with which I am connected has re- 
cently constructed an airplane having a cabin and, at 
first, I was prejudiced against flying inside the cabin. 
My reasons were the supposedly poor visibility in thick 
weather and I was of the opinion that a pilot could 
“feel” the air better when sitting in the open. Inasmuch 
as a large part of one’s sensation in flying is received 
through the air, I was strongly against being inside the 
cabin. However, since completing the second annual 
commercial-airplane reliability-tour, flying the airplane 
mentioned, my ideas have changed completely. It is 
possible to construct a cabined airplane so that the pilot 
can sit inside the cabin and can, by opening a window, 
get as strong a blast of air on himself as he desires 
without subjecting the passengers to it. Proper loca- 
tion of the cabin windows at the right angle accomplishes 
the desired result and the windows can be designed so 
that, if necessary, they can be cleaned in flight easily by 
the pilot, who can wipe them clean with a cloth or clean 
them with a windshield wiper. In our airplane, large 
windows beside the pilot can be left open so that if the 
weather becomes very thick he can put on his goggles, 
put his head outside and see as well as though he were in 
an airplane not equipped even with a windshield. I made 
nearly the whole reliability tour without wearing my 
goggles. Special flying clothing is unnecessary, and | 
appreciate that advantage very much after spending 
several years in photographic work while flying in open- 
cockpit airplanes. I believe the day is coming when the 
public will prefer to fly in cabined airplanes. Such air- 
planes can be built so that passengers can get in easily 
and ride in comfort, and the companies that use cabined 
airplanes will get the business. 

As to exit from the plane in case of necessity, a pilot 
ean get out of a cabined airplane that is constructed 
properly more quickly than he can get out of many of 
the open-cockpit types. One of the first things I did on 
the first flight with our cabined airplane was to see how 
quickly I could open the door beside the pilot’s seat and 
get out with a parachute. I found that I could get out 
quickly, although I did not need to. While probably 90 
per cent of the pilots would rather fly in an open cockpit, 
their attitude is due to the fact that they have always 
flown in open-cockpit airplanes and that very few have 
flown in those equipped with a cabin. 

RALPH H. Upson’:—I wish to point out the almost 
exact similarity of the arguments used in this case and 
those that were used in the case of the open versus the 
closed automobile. 

Louis G. MEISTER:—Answering Mr. Depew, when I 
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said “closed cabin” I had in mind the larger type of 
closed cabin or the side-by-side type. Strictly speaking, 
Mr. Depew’s airplane was of the tandem type and gave 
him the benefit of a narrow fuselage, which is a decided 
advantage; but I would not call his airplane a commer- 
cial airplane. It is strictly an airplane for photographic 
work and I believe it was built for that purpose. 

My experience with cabined types of airplane is as 
follows: I have flown the original Martin transport, 
which had rather a broad fuselage and one could look out 
of but one side at a time. I felt like a caged bird. | 
did not like it. None of the other pilots liked it. Later, 
I flew the other transports and I liked them better. | 
also flew in Rickenbacker’s airplane and handled the con- 
trols for a short period; but, while the visibility was 
good, still I did not like the idea, for if the weather 
became very thick and it then was necessary to open 
the windows, one had all the discomforts of the open 
cockpit. So, until these difficulties can be surmounted, 
the closed cabin is not perfected. As Mr. Depew said, 
in bad weather he had to put on his goggles and stick 
his head out of the window, and that spoils his sales 
argument. 

Mr. DeEPEWw:—I did say that if the weather became 
unusually thick it was possible for the pilot to put on 
goggles and put his head out of an open window; but 
we had some very thick weather during the Ford relia- 
bility tour and traveled hundreds of miles through rain 
while the visibility was very low, and only on very few 
occasions did I have to do that, when, in contrast, the 
other pilots in the open-cockpit airplanes were flying 
along, taking a look past the windshield and then swab- 
bing their goggles off so that they could see through 
them, for goggles clog up just as much as does the glass 
of cabin windows. I shut my front window, left my 
goggles off and flew right along, because these side win- 
dows are placed so that most of the water bounces off, 
so to speak. 

I bring up the point of the pilot’s being able to use 
goggles and put his head out of the window because much 
of the objection, as Mr. Meister has said, is that pilots 
think they are caged up. It is evidently a matter of 
providing proper vision, and that can be done. Perhaps 
we have exaggerated the idea of providing proper vision 
because, in flying to make aerial photographic maps, 
aside from the performance of the airplane, the most im- 
portant factor is visibility. We have gone to great ex- 
pense to develop an airplane providing the best possible 
visibility, so that the pilot can see to fly along the 
imaginary lines. Finally, we built this airplane our- 
selves and incorporated in it the features necessary for 
aerial photography, but at the same time we endeavored 
to build one which also could be utilized as a small com- 
mercial airplane. As Mr. Meister says, it is not a large 
transport airplane, but nevertheless it is arranged to 
seat the same number of people as the airplane which 
Mr. Meister flew with such success in the Ford tour. 

AGNEW E. LaRsON‘:—Two of the airplanes built by 
our company are extremely conservative in conception 
and in design. The larger one is of the open-cockpit 
type designed exclusively to include the major features 
of easy loading and unloading, quick take-off and climb. 
The smaller airplane represents the company’s first bid 
for commercial-aviation business and it will be possible 
to build this airplane at a price which should be at- 
tractive to flyers. Both of these airplanes competed in 
the Ford tour, neither with outstanding performance but 
still they were among those airplanes which finished and 
were classed as good airplanes. 
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W. H. BARLING’ :—The thing that worries me most is 
the possible advent of governmental control of civil avia- 
tion. It worries me because, in such an event, we still 
will not know where we stand. I have devoted consider- 
able thought to it. In England, governmental control of 
aviation killed all commercial aviation of the type that 
Mr. Meister’s paper is based upon; that is, individual 
ownership. It involved the minimum of nuisance to the 
individual owner, so the government thought, and yet it 
killed individual ownership. Still, we agree in some 
respects that there should be some kind of control, and 
I have a suggestion that I think may be of interest. It 
is that there be no government control in the way of 
inspection or factors of safety for airplanes of less than 


every commercial pilot should think enough of his own 
physical condition to take the periodic examination. 
Most of them are reserve officers and most of them do 
stand examination, particularly the pilots who carry the 
public. They owe it to the public. Such practice is in 
the interest of safety, because the public trusts its life 
to the pilot, who should be in good physical condition. 
We should have some arbitrary factor of safety for air- 
planes. I mentioned the factors of safety for training 
and for transport airplanes because they are factors 
with which we are already acquainted. They constitute 
a base-line that is already established. If we want to 
vary from that, all well and good. Commercial practice 
will determine that. 
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200 hp. Treat the airplane of less than 200 hp. as an 
automobile. Medical examinations of automobile drivers 
are not required. Comparatively few airplane accidents 
occur in which third parties are involved. Generally, if 
an airplane crashes, all third parties are missed by a 
large margin. So, when Mr. Meister advocates the 
medical examination of all pilots and limited factors of 
safety, I think that is a very serious matter which prob- 
ably will tend to restrict commercial aviation of the small 
type in this Country, just as it has done so in other 
countries. In the case of larger commercial airplanes, 
there might desirably be an increasing amount of in- 
spection and of control by the government. If a nation 
went to war, the large type would be about the only type 
which would be of great value as transports. 

Mr. MEISTER:—In regard to promiscuous flying of 
low-powered airplanes, mentioned by Mr. Barling, we 
had no crashes of the airplanes competing in the Ford 
tour. We flew on schedule over the 2700-mile route and 
into landing-fields that many of the pilots had never 
entered before. The only crashes and the only accidents 
during that whole tour were due to gypsy pilots who 
came into those landing-fields flying old “crates.” One 
of them crashed at Kansas City, Mo. The plane was 
barely able to fly, and yet the pilot was carrying passen- 
gers who paid a high price for the chances they were 
taking on their lives. Pilots who watched this plane 
predicted that it would crash, and it did crash. Another 
example was at Des Moines, Iowa, where the pilot at- 
tempted a flight at night and crashed. We were out 
trying to “sell” commercial aviation and these gypsy 
pilots with their old crates killed the very thing we were 
trying to sell to the public, the safety of commercial 
aviation. 

Regarding the examination of pilots, I believe that 


°>M.S.A.E Chief engineer, Cox Klemin Aircraft Co., Baldwin, 
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°M.S.A.E.—Associate professor of aeronautics, New York Uni- 


versity, New York City. 


However, we should not allow air- 
planes to be developed that have low factors of safety 
because different pilots will fly them and some of those 
pilots will not be acquainted with the strength of the 
machines. Being unfamiliar with how the airplane han- 
dles, they will put it through all sorts of maneuvers and 
probably will cause fatal crashes. Every crash, regard- 
less of what causes it, is always a setback to the ad- 
vancement of commercial aviation. We must make our 
airplanes strong enough. 

CHAIRMAN ALEXANDER KLEMIN':—While brakes will 
shorten the landing run, other difficulties are attendant 
upon their use. Will Mr. Meister enlighten us on the 
disposition of the center of gravity when brakes are 
used and on the methods employed if the center of grav- 
ity is located far enough back to get the tail off the 
ground quickly. While brakes can be designed theoreti- 
cally to stop a machine within 20 or 30 ft. many other 
problems are involved in their application. 

Mr. MEISTER:—When we first considered putting 
brakes on our airplane, we had no information to guide 
us aside from the fact that previously I had flown one 
airplane that was equipped with brakes. That was an 
experimental brake of the disc type on a Douglas trans- 
port. It worked fairly well. In one landing made with 
the brakes locked, it was noticed that there was a ten- 
dency for the plane to nose over. The design of our 
brake called for a landing angle of 12 deg. on our original 
airplane. We changed to a 15-deg. landing-angle so that 
the center of gravity was shifted back farther with re- 
spect to the axis of the wheels. Then we found that a 
longer period was needed to get the tail-skid off the 
ground if the airplane was loaded, which gave a some- 
what longer take-off; but I brought out in my paper that 
airplanes of the future probably will be built with a 
wheel, caster mounted, instead of a tail-skid. An air- 
plane so equipped will accelerate just as quickly as will 
an airplane with its tail-skid off the ground. By using 
a wheel, we overcome the tail-skid drag. 


WORLD MOTOR-TRANSPORT CONGRESS 


ROM Greenland’s icy mountains and India’s coral strand 

came delegates to the World Transport Congress during 
the week of Jan. 10. They spoke many tongues, but their 
automobiles all back-fired in the universal language. 

To observe the various types and the uniform alertness of 
these car distributors from many lands was an interesting 
experience for our delegates. To be able to pick up a head- 
set and hear the speech of the moment in any one of four 
languages preferred was unique. In fact, the whole affair 
reeked of clever efficiency. 

Our members should be required to attend the congresses 
to broaden their viewpoints and to get the information of 


such far-flung contact. No engineer could go away from 
one of these meetings and design a window that would open 
only with the strong words of a simple language. No serv- 
ice manager would go back to his desk indifferent to the 
need for parts that would fit at the Equator. 

An added sense of responsibility is to be gained by every 
executive and assistant from these meetings. The thought 
of our mistakes going 5,000 miles away and conveying their 
message of incomplete grasp of conditions should sober the 
impulses of every radical improver and encourage the re- 
straint of each conservative element in motor-car organiza- 
tion.—W. H. Conant. 








Vol. XX 


March, 1927 





Personnel of 1927 Standards Committee 


HE accompanying listing of the Standards Committee 

and of the Special Committees functioning in coopera- 
tion with the Standards Committee, practically completes the 
personnel for this year. The Standards Committee consists 
of 225 members, grouped into 22 Divisions classified accord- 
ing to type of vehicle or major automotive component parts, 
units or materials. From time to time the Council of the 
Society assigns to each Division subjects that fall within 
the respective jurisdictions of the Divisions, these assign- 
ments depending largely on preliminary decisions by the Di- 
visions as to whether the subjects proposed by various per- 
sons are important enough to warrant study with a view 
to standardization. In many instances Subdivisions are or- 
ganized to report on specific subjects. At the present time 
35 such Subdivisions are functioning. 

Last year some of the Divisions of the Standards Commit- 
tee were consolidated with the purpose of distributing and 
carrying on the work in a more effective manner. The same 
action has been taken this year in discontinuing the Chain 
Division, the Passenger-Car Body Division and the Storage- 
Battery Division. The Society is a sponsor for the Sec- 
tional Committee on Transmission Chains and Sprockets, or- 
ganized under the procedure of the American Engineering 
Standards Committee, which is proceeding to standardize 
these chains and sprockets for all industries on the basis of 
the standards already adopted by the Society. Matters re- 
lating to changes in sprocket standards coming before the 
Society will be assigned to the Engine or a vehicle Division 
of the Standards Committee. The work of the Passenger- 
Car Body Division will be continued under the Passenger-Car 
Division; and that of the Storage-Battery Division will be 
continued by the Electrical Equipment Division. 
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Proposed Changes in Society 
Constitution 


HE Constitution of the Society provides for the 
annual election of a President, a First Vice-Presi- 
dent, five Second Vice-Presidents, three Councilors 
(who are elected for a two-year term), and a Treasurer, 


who, together with the three Councilors elected the 
previous year and the Past-President, constitute the 
Council of the Society as indicated in Fig. 1. The 
Second Vice-Presidents are nominatea and elected to 
represent the following divisions of automotive en- 
gineering : 

Motor-Car Engineering 

Tractor Engineering 


Aviation Engineering 
Marine Engineering 
Stationary Internal-Combustion Engineering 
The requirements of the Constitution with respect to 
the Second Vice-Presidents were adopted by the Society 
in 1916 when the name of the Society was changed from 
Society of Automobile Engineers to Society of Automo- 
tive Engineers, Inc., the scope of the Society’s activities 
being broadened as indicated by the change in name. 
Owing to the increasing importance of maintenance 
and operation engineering, J. F. Winchester submitted 
an amendment at the 1926 Annual Meeting of the So- 
ciety calling for the abolishing of the Second Vice-Presi- 
dent Representing Stationary Internal-Combustion En- 
gineering and creating a Second Vice-President Repre- 
senting Operation and Maintenance Engineering in its 
stead. As a result of further discussion of the situation 
by Mr. Winchester, members of the Constitution Com- 
mittee and the Council, it was thought that a more 
careful study might suggest ways in which the different 
divisions of the industry would be represented to better 
advantage and in order that this study might be made 
before any official action was taken, Mr. Winchester 
withdrew his amendment at the 1926 Summer Meeting. 
Further study resulted in additional suggestions being 
submitted informally for consideration by H. M. Crane, 
C. M. Manly and F. F. Chandler. 
The suggestion submitted by Mr. Crane is to 
(1) Abolish the five second 
senting motor-car, 
stationary 


vice-presidencies repre- 
tractor, aviation, marine, and 
internal-combustion engineering 


(2) Substitute Second and Third Vice-Presidents and 

four additional Councilors 

(3) Pass a By-Law setting forth the recognized divi- 

sions of the Society’s activities 
In submitting this, Mr. Crane pointed out that to in- 
crease the number of Second Vice-Presidents so that 
they would represent all important engineering divisions 
of the Society’s activities would require an unwieldy 
number of Second Vice-Presidents and would handicap 
seriously the Society’s operation. 

Mr. Manly’s suggestion is to 

(1) Retain the present second vice-presidents 

(2) Establish committees of the Society for design, 

production and operation 

To abolish the Second Vice-Presidents at this time would, 
in the opinion of Mr. Manly, be a mistake as they still 
serve a distinct purpose and any change in the divisions 
on the basis of both art and function would result in 
overlapping. He therefore felt that the present Second 
Vice-Presidents representing the different types of auto- 
motive apparatus, or “vertical divisions,” should be re- 
tained and “horizontal divisions” for design, production 
and operation established, such an arrangement pro- 
viding for the maximum amount of flexibility to meet 
the increasing diversity of membership. 

The proposal submitted by Mr. Chandler is that 

(1) The Council decide by majority vote the number 

of Second Vice-Presidents and the divisions they 
should represent 

(2) The Second Vice-Presidents to be appointed by the 

Council, not elected by the membership 
In Mr. Chandler’s opinion, this procedure would be flexi- 
ble, making it possible for the Council to designate im- 
mediately, without waiting for Constitutional revision, 
any number of Second Vice-Presidents necessary to meet 
the needs of the industry. In this scheme the Second 
Vice-Presidents would not necessarily be members of 
the Council, as the Council could appoint men who were 
not Councilors. 

In discussing the Winchester proposal it was recog- 
nized that any one of the five Second Vice-Presidents 
representing motor-car, tractor, aviation, marine, or 
stationary internal-combustion engineering might also 
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represent operation and maintenance engineering in his 
particular field; also that if a Second Vice-President 
Representing Maintenance and Operation were ap- 
pointed, other fields not directly represented by Second 
Vice-Presidents might request such representation, re- 
sulting eventually in an unwieldy and unrepresentative 
governing body. 

At the Business Session of the 1927 Annual Meeting 
in Detroit, A. J. Scaife, chairman of the 1926 Constitu- 
tion Committee, submitted a comprehensive statement 
covering the different suggestions for the consideration 
of the members. Mr. Scaife also outlined the situation 
at the Sections Committee Meeting as it was felt that 
the Sections of the Society would be vitally affected by 
any changes finally decided upon and should consequently 
study the situation with a view to advising the Constitu- 
tion Committee. The Sections Committee recommended 
that the Council submit a chart showing the proposed 
schemes of constitutional revision to the Governing 
Boards of the Sections. 

The Council believes that every member should be in- 
terested in this problem and it will appreciate any com- 
ments or additional proposals that it is believed would 
help in solving the problem of having the different di- 
visions of the automotive industry adequately repre- 
sented in the governing body of the Society. 


PROPOSED REVISION OF SECTION C46 


At the 1927 Annual Meeting definite action was taken 
toward revising Section C46 of the Constitution in order 
to make it possible for the Nominating Committee to be 
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elected before the Annual Meeting preceding the Annual 
Meeting at which the Society officers are to be elected 
instead of the Semi-Annual Meeting, thus making it pos- 
sible for the Nominating Committee to hold its organ. 
ization meeting at the Annual Meeting and, in case its 
work is not completed at meetings held during the Ap. 
nual Meeting, to hold meetings at the Semi-Annual 
Meeting. It would thus be possible for the Nominating 
Committee to devote over 6 months to considering the 
qualifications of the men suggested as nominees instead 
of the short period between the Semi-Annual Meeting 
and Oct. 1, the date by which all nominations must be 
filed with the Secretary. 

Section C46 of the Constitution as it now reads js 
printed below with the words that would be omitted en- 
closed in brackets [ }. 


The Annual Nominating Committee of the Society 
shall consist of one Member of the Society to be 
elected from and by each Section of the Society prior 
to the [Semi-] Annual Meeting; and three Members 
of the Society who shall be elected at the business 
session of the [Semi-] Annual Meeting preceding the 
Annual Meeting at which officers are to be elected; 
no two of said three Members shall reside in the same 
Section District. 

The action with reference to Section C46 was proposed 
by A. J. Scaife at the Business Session at Detroit, being 
duly seconded. In accordance with the Constitutional 
provision, the proposed amendment will be submitted at 
the Business Session at the Semi-Annual Meeting and, 
if approved, will be submitted to a letter-ballot of all 
voting members. 


NEED FOR UNIFORM MOTOR-VEHICLE LAWS 


COMPREHENSIVE program for improvement of street 

and highway traffic conditions is now before the public. 
The program is given in summarized form in the report of 
the Second National Conference on Street and Highway 
Safety and in detailed form in the committee reports of the 
Conference. Copies of these reports will be gladly supplied 
on request addressed to the National Conference on Street 
and Highway Safety, Department of Commerce, City of 
Washington. The various features of this program are: 

(1) Modern-vehicle laws, uniform in all essential fea- 

tures 


(2) 
(3) 
(4) 


Reasonably uniform ordinances and regulations 
An effective system of enforcement 

Education in traffic safety of school children, of 
operators and chauffeurs and of the general public 
An effective system for the collection of traffic- 
accidents in sufficient detail so that the underlying 
causes of accidents can be determined 


(6) Continued improvement in the design and con- 
struction of the motor-vehicle 

(7) A regular system of vehicle maintenance with ade- 
quate inspection to insure safety 

(8) Improvement and enlargement of streets and high- 
ways and proper traffic-control systems to carry 
the traffic smoothly and harmoniously 

(9) Progressive elimination of grade-crossings, includ- 


ing crossing of highways of heavy traffic, and ade- 
quate protection of crossings remaining at grade 
In Michigan the recently adopted uniform traffic-ordinance 


constitutes an outstanding example of Statewide cooperation 
among municipal authorities, 205 cities and towns in that 
State having adopted the uniform ordinance. In California 
the same process has been going on, and in Colorado a sim- 
ilar effort has been under way. Unfortunately there has not 
been any organized cooperation between the States. In 
detail the ordinances of these three States present a maze of 
varying provisions that would confuse the most experienced. 
Many of the differences reflect differences in the motor-vehicle 
laws of the three States. An effort was made by the groups 
that prepared these ordinances to have them harmonize with 
the Uniform Vehicle Code developed by the National Confer- 
ence on Street and Highway Safety and some points of sim- 
ilarity in them are traceable to this source. These efforts, 
however, were greatly hampered by the diversity of the 
State laws to which the ordinances necessarily had to con- 
form. Greater uniformity in the State laws is clearly needed 
as a basis for further effort to harmonize ordinances and 
regulations on a Nationwide scale if the motorist outside of 
his own State is not to continue to suffer from the present 
variety and confusion. Whether uniform or not, modern 
motor-vehicle laws, similar to those that have for some time 
been in effect in a number of Eastern and Northeastern 
States, are vitally needed. The first essential is that, leav- 
ing aside for the moment the question of uniformity, each 
State have uptodate vehicle legislation and an adequate or- 
ganization for its administration. In the States having such 
laws and administrative machinery the accident hazard is 
less by 25 to 30 per cent than in other States.—Col. A. B. 
Barber, director of National Conference on Street and High- 
way Safety. 


ee 


Vol. 


P 


E' 
neer 
a ge 
him 
his 
that 


by ! 
refle 
wit] 
“mi: 
the 

curs 


in | 
nice 
is 
ress 
nan 
mer 


I ce 


ia] 
ed 
)S- 
"- 
its 


ial 
ng 
he 
ad 
ng 
be 


seq 
ing 
nal 
at 
nd, 
all 


tion 
hat 
nia 


licle 
ups 
with 
fer- 
sim- 
orts, 

the 
con- 
eded 
and 
le of 
sent 
dern 
time 
stern 
leav- 
each 
2 or- 
such 
‘d is 
\. B. 
ligh- 


Vol. XX 


eee = - : —- ——— ee 





March, 1927 








What's Wrong With the Law? 


VEN the business man, often so inclined to “let well 
enough alone,” is impatiently asking this question. Engi- 
neering science has brought him opportunities undreamed of 
a generation ago, he says; and business science is showing 
him effective methods of organization and marketing. But 
his legal course seems so beset with friction and uncertainty 
that he is no longer able to proceed with confidence or safety. 
The complaint of the business man, although the newest, is 
by no means the most insistent. The press, ever a prompt 
reflector of the thoughts of the people as a whole, is filled 
with discussions of “the crime problem,” “law enforcement,” 
“miscarriages of justice,” and “abuse of legal process.”’ Even 
the ablest of lawyers confess that, in many instances, ac- 
curate legal guidance is becoming increasingly difficult. 

In other important fields of human activity, in medicine, 
in business administration, in engineering and in the tech- 
nical arts, America is an acknowledged leader. Why, then, it 
is naturally asked, has this Country not made similar prog- 
ress with an equally vital interest of society, the mainte- 
nance of public order and the assurance of justice among 
men? 

LAW FAILS TO MEET CONDITIONS 


Briefly, the trouble is that our legal and judicial institu- 
tions, although well suited to the America of 50 years ago, 
are failing to meet adequately the wholly different and much 
more complicated conditions of today. During much of the 
Nineteenth Century the growth of this Country took place 
chiefly by the opening up to settlement of new agricultural 
communities. Therefore, our legal system was developed, to 
a large extent, along lines adapted to a pioneer, rural and 
agricultural state of society. During the last generation, 
however, and especially in the last 20 years, the trend of 
population has shifted sharply from the country to the city, 
while, at the same time, the pursuits of the people have 
become more and more industrial and commercial. 

Between 1880 and 1920 our rural population increased 
less than 60 per cent, while our urban population increased 
nearly 400 per cent. In the same period the value of our 
manufactured products was multiplied 12 times, from $5,000,- 
000,000 a year to $60,000,000,000. The development of the 
law and of judicial administration has not kept pace with 
this rapid change in social and economic conditions. Legal 
precepts and processes, devised and shaped for the pioneer, 
rural and agricultural society of the Nineteenth Century, are 
failing to meet the new requirements of a present-day 
America, which is predominantly urban and industrial. The 
result is growing confusion and uncertainty. 

A glance at the history of successful nations in the past 
will show that this situation is by no means unique. From 
Solon to Justinian and from Justinian to the Magna Carta, 
every civilized people has had to face, at one time or another, 
the problem of adjusting established legal institutions to 
changing social and economic conditions. Not longer ago 
than the middle of the last century England found herself in 
such a plight; and there, as here, the crisis grew so acute 
that public attention became centered upon it. The result 
was a succession of exhaustive, nation-wide surveys by com- 
missions of eminent legal scholars and the development from 
those surveys of the Supreme Court of Judicature Act of 
1873, an enactment that has greatly simplified and facili- 
tated the administration of English justice. 

But America’s problem of today is infinitely more com- 
plicated than that of England in 1873. Telephones, auto- 
mobiles, airplanes, radio, and huge concentrations of popula- 
tion and industry have created conditions undreamed of even 
a generation ago, conditions unknown to legal experience and 
not amenable to the simpler remedial methods of the Nine- 
teenth Century. Moreover, to study continuously and scien- 
tifieally the actual workings of any large department of the 


law and to develop, from such study, the basic principles 
upon which any substantial betterment must be founded has 
as yet been no one’s duty in America. 


AMERICA A HUGE LAW FACTORY 


Speaking before the American Law Institute in 
Charles E. Hughes said: 


We have in this Country the greatest law factory 
the world has ever known. Forty-eight States and the 
Federal Government are turning out each year thou- 
sands of new laws, while at the same time the courts 
in the performance of judicial duty are giving us 
thousands of precedents, 175,000 pp. of decisions in a 
single year, an average of 12,000 of more statutes 
each year and an average of 13,000 or more perma- 


nently recorded decisions of the highest courts each 
year. 


The establishment of the Interstate Commerce Commission 
in 1887 has been followed in recent years by Public Service 
Commissions of one sort or another in substantially all Eng- 
lish-speaking jurisdictions. The whole administration of the 
law of public utilities has come to be committed to such 
bodies; and the Federal Trade Commission is absorbing the 
larger part of the administration of the law governing activ- 
ities of great industrial enterprises in their relations with 
competitors. In industrial disputes also, in the fields of 
collective bargaining and cooperative marketing, the tem- 
porary expedients of boards of conciliation and arbitration 
will not unlikely give way to an administration of justice 
through non-judicial boards or commissions. 


WEAKNESS OF PRESENT REMEDIES 


Although some of these attempted remedies have proved 
helpful in restricted fields, comparatively little progress has 
been made toward improving the administration of justice 
as a whole. The piling up of laws, made often with small 
regard for established legal principles and under pressure 
of some particular group or organization, is seen to be lead- 
ing only to further confusion and uncertainty. On the other 
hand, the tendency to create more and more administrative 
boards and commissions presents a distinct element of danger 
to the cherished American ideal that ours is a government 
of law and not of men. A distinct threat of the revival of 
personal government in the growth of administrative meth- 
ods that treat all questions concretely as particular ques- 
tions, instead of in conformity with a general principle is to 
be noted. 

Apparently the American problem with respect to the law 
is not to be solved by patchwork emergency methods in lim- 
ited fields. The needed process must be similar to that which 
has been so fruitful of results in industry, in medicine and 
in business. A scientific searching out of all the underlying 
facts involved must be made; and from those facts funda- 
mental principles that will serve as accurate guides for the 
adaptation of the law and its machinery to the new social. 
economic and industrial conditions must be developed. 

The Harvard Law School proposes to apply in the field 
of law the method that has proved so fruitful of results in 
medicine, in business administration and in engineering, the 
method of continuous, scientific investigation by trained men, 
working under the necessary conditions of permanence, inde- 
pendence and impartiality. The administration of criminal 
justice, undoubtedly one of the weakest points in American 
polity, will have an important place in the plan. The prob- 
lem of adjustment to present-day conditions is here pecu- 
liarly difficult and peculiarly pressing, with the result that 
relief is constantly sought in experimental legislation. An 
interesting illustration is the way in which Boards of Pro- 
bation and Parole have been recently acquiring power to 
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determine the nature and duration of punishment after con- 
viction, making the judge’s sentence hardly more than a 
matter of form. Up to this time to survey the field of crim- 
inal law as a whole, to search out what really are the basic 
problems involved and how these problems may be met in 
Ways consistent with American ideals of government has 
been nobody’s business. 


Too MANY LAWS ARE ILL CONSIDERED 


No less clear is the need for comprehensive and construc- 
tive work in the whole field of legislation. To point out that 
the Country is suffering from an indiscriminate over-pro- 
duction of statutes is simple enough; but to attempt to say 
just why many laws, conscientiously designed to correct un- 


questioned evils, should not only fail of their special pyr. 
poses but actually add to the general confusion is a very 
different matter. Here again the trouble is not that the 
occasion for doing something has not arisen. It is rather that 
no adequate way of ascertaining underlying causes, no acey. 
rate means of knowing when to resort to legislation and 
when not and how to deal with those occasions that really 
do call for statutory treatment, has been found. 

We must find out just what can be reasonably expected 
through law and what must be left to other agencies of 
social control. This can be accomplished only after long- 
continued, thorough, scientific investigation has given a basis 
on which to work.—Harvard Law School Endowment Fund 
Bulletin. 


AUTOMOBILES—THE KEY TO OUR PROSPERITY 


HE present material prosperity of the United States is 

due chiefly to the automobile. Except for the develop- 
ment of that industry in the last 15 years, business probably 
would now be jogging along at a level not far above that 
of the decade before the war. Certainly without the great 
expansion of the automotive industry in this Country, no 
such increases would have been recorded as those which have 
taken place in the volume of money, in consumers’ income, in 
real wages, and in profits. 

The automobile industry, directly and indirectly, pays in 
wages, to about 3,500,000 persons, not far from $6,000,000,000 
per year. It is a stupendous amount, large enough to account 
for the notable gain in real wages which our workers have 
achieved in the last 15 years, the very period during which 
the automobile industry has attained more than 95 per cent 
of its growth. 

Various industries that have not made use of time-pay- 
ment sales have fared better than they would have fared, 
had not business as a whole received the impetus of the 
distribution to consumers, on small initial payments, of about 
$3,000,000,000 worth of merchandise in excess of what they 
have yet paid for. And about half of that merchandise is 
motor-cars. 

The making of more goods involves the payment of more 
wages; and an additional $1,000,000,000 of wages is an addi- 
tional $1,000,000,000 of consumer purchasing power, whether 
the wages are paid to produce cars or corn or anything else. 
Moreover, the loss of $1,000,000,000 in the payrolls of the 
automobile industry would bring on a depression of business 
just as certainly as the loss of $1,000,000,000 in the wages of 
farm laborers. Without the motor-car industry to swell the 
national income, the $6,000,000,000 that was spent last year 
for automobiles and for things required by the use of auto- 
mobiles would not have been spent for anything. Industry 
has no source of income except consumers, and consumers 
have no source of income except industry. 

The additions to wages, caused by capital investments have 
been almost enough to enable consumers to buy the greatly 
increased output of our greatly increased productive facili- 
ties. To use the capital facilities we already have to a suffi- 
cient extent to keep business prosperous is impossible unless 
we also are building new capital facilities at a rate that is 
sufficiently rapid. 

To the present generation the growth of the automobile 
industry has brought even greater prosperity than the 
growth of the railroads brought to a previous generation. 
We cannot prolong these good times, however, merely by 
stabilizing the automobile business at its present level, for 


the growth of that industry is what has generated our pres- 
ent prosperity. 

All told, nearly $2,000,000,000 has been invested in the 
capital equipment of the manufacturing part of the motor- 
car business alone. In a very short time, therefore, not 
far from $2,000,000,000 has been paid in wages to those who 
built the factories and machinery and to those who supplied 
the bricks, lumber, cement, and the rest. At least another 
$1,000,000,000 has gone to consumers in connection with pro- 
ducing the machinery that supplies automobile builders with 
iron, steel, plate glass, lumber, copper, cloth, and paint; 
$2,000,000,000 more, at least, in connection with capital in- 
vested in the oil and tire industries; still other billions in con- 
nection with the construction of highways, highways that 
would not have been built, except for the demands and the 
taxes of car owners. Most of the vast payments made by 
the automobile industry to consumers have been used by 
them, not to buy automobiles, for which they can hardly have 
spent more than one-tenth of their wages but to buy other 
things. Economically, the chief difference between England 
and the United States is that England has not had the ad- 
vantage in recent years of the vigorous growth of capital 
equipment. No nation can stabilize at any stage of its cap- 
ital development. It either goes ahead, or it falls behind. 
If England had developed the capacity for producing 4,000,- 
000 cars a year and the United States 176,000 cars, instead of 
the reverse, no doubt exists as to which country would have 
gone forward industrially at the more rapid rate. 

No one industry and no combination of industries in any 
country has grown rapidly enough to furnish the stimulus 
to general business which the automobile has furnished in the 
United States. It has trebled the productivity of its workers 
per man-hour and given the people a highly complicated and 
efficient piece of machinery at a lower cost per pound than a 
tub of butter. It gives employment to 3,000,000 workers; 
yields $700,000,000 in taxes; stands third in the value of our 
exports and first in the value of its products. It has put 
new life into the whole world of industry, and thus has made 
100,000,000 people more prosperous than otherwise they could 
have been. It has enabled the workers to buy with their 
wages fully 20 per cent more than they could buy before 
any automobile industry existed. 

The average worker can now buy an automobile, ride to 
work in it every day, park it in the factory line, take his 
family into the country on Sundays and holidays, and have 
money enough left to buy fully as much of other things as 
he bought before the automobile was invented.—W. T. Fos- 
ter and Waddill Catchings in World’s Work. 
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Fuel Requirements for Engine-Starting’ 


By C. S. Cracor? anno J..O. EtstncEr® 


ABSTRACT 


REVIOUS papers relating to the cooperative fuel- 

research investigation of engine-starting have at- 
tacked the problem along two distinct lines, namely, 
(a) by actual tests of the time required to start en- 
gines under various conditions, such as temperature, 
mixture supplied and the like, using different fuels; 
and (b) by laboratory tests of the volatility of the 
same fuels under somewhat similar conditions, using 
the method of equilibrium air-distillation. In this paper 
the results of these two methods of attack are corre- 
lated. For this purpose, it was necessary to extend the 
air-distillation data to lower temperatures than had 
been used in the tests. This involved an application 
of the laws of the perfect gas and the well-established 
law governing the relation between vapor pressure and 
temperature. 

The results of the engine tests were originally 
plotted with the rate of fuel supplied, as ordinate, 
and the time required to start, as abscissa. When the 
results were plotted in this manner, the time required 
to start varied with the fuel used, the temperature, 
the mixture-ratio supplied, the cranking-speed, the 
type of engine, and the like. By a series of trans- 
formations, it was found that, when resultant fuel- 
air ratios, obtained in equilibrium air-distillations with 
the same mixture-ratio supplied, and the same tempera- 
tures employed in the engine tests were plotted against 
the number of engine revolutions required to start, al! 
the results could be represented by a single curve. 
This signifies that the resultant fuel-air ratio alone 
determines the number of revolutions required to 
start, the effects of different fuels, different tempera- 
tures, and the like appearing only as they affect the 
resultant fuel-air ratio. The following equation for 
the curve was found to be representative of all the 
results: 

log (1a/re) = 2/N 


where 
N =the number of engine revolutions required 
for starting 
ry — the resultant fuel-air ratio attained in 
equilibrium air-distillation 
re — the resultant fuel-air ratio attained in en- 


gine cylinders when firing begins 

Since the resultant mixture attained in the cylin- 
ders, when the first explosion occurs, is practically 
always the same (about 20 to 1 air-fuel ratio), the 
above equation gives a direct relation between the fuel- 
volatility data and engine-starting performance. 

The fuel requirements for engine-starting are de- 
fined as follows: (a) possible starting with a 1 to 1 
mixture supplied at the lowest temperature ever antic- 
ipated and (6) starting in 10 engine-revolutions with 
a 2 to 1 air-fuel mixture supplied at the average min- 
imum temperature encountered in service. These defi- 
nitions serve to fix the percentage of the fuel that 
must be evaporated at each of the temperatures in 
equilibrium air-distillations, namely, 5 per cent in a 
1 to 1 mixture and 15 per cent in a 2 to 1 air-fuel 
mixture supplied. 

It is shown that the ratios of the absolute tempera- 
tures corresponding to 5 per cent evaporated in Amer- 
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ican Society for Testing Materials distillations and in 
equilibrium air-distillations are practically constant 
for the nine fuels employed in this investigation. The 
same result is found in the case of 15 per cent evap- 
orated. Thus, the air-distillation data forms the con- 
necting-link that makes it possible to interpret the 
results of the engine-starting tests directly in terms of 
the American Society for Testing Materials distilla- 
tion-curves. 

The lowest temperature ever recorded and the aver- 
age minimum-temperature for any season in any local- 
ity are fairly well known from United States Weather 
Bureau statistics. This information together with the 
information supplied in this paper furnish a ready 
means for specifying the fuel to meet the starting re- 
quirements in any locality, in summer or in winter. 


HAT are the fuel requirements for the satisfac- 

tory starting of cars now in service throughout 

the Country? What constitutes a suitable means 
of ascertaining whether the fuel meets such require- 
ments? These are questions of importance to the con- 
sumer and also to the producer of the fuel. 

Is the fuel better or worse than is required? If it is 
either better or worse, how many gallons, of the billions 
of gallons of fuel produced annually in this Country, can 
properly be charged to waste on this account? These 
are questions of importance to the Nation as a whole 
from the standpoints of fuel economy and of the con- 
servation of natural resources. 

The widespread popularity of closed cars, the con- 
tinued growth of well-surfaced roads and the extensive 
adoption of means for removing snow have resulted in a 
great increase in the number of cars that are kept in 
service throughout the winter. A large proportion of 
the cars are housed in unheated garages or are parked 
in city streets during the night. The owners frequently 
attempt to start their cars in the morning at about the 
time of the minimum temperature for the 24 hr. 

Obviously, one requirement of the fuel is that it be 
sufficiently volatile to allow starting with present-day 
carburetion equipment at the lowest temperature antici- 
pated in service. Statistics compiled by the United 
States Weather Bureau give the lowest temperatures re- 
corded in each month of the year for various cities and 
districts. These records have been reached only once in 
a period of 50 years in most cases and serve admirably 
to fix a lower limit for the volatility of the fuel. If this 
requirement is met the car-owner can be assured that 
failure to get a start in below-zero weather is not the 
fault of the fuel. 

A second requirement is easy starting at the average 
temperatures encountered in service. Easy starting im- 
plies a small number of engine revolutions necessary to 
start, which means not only convenience to the operator 
but also economy in fuel consumption, saving in batteries 
and the minimum of dilution of the lubricant. 

These two requirements seem to be necessary and 
sufficient as regards engine-starting. They are not suffi- 
cient, however, to assure good engine-operation once a 
start has been obtained. There are numerous require- 
ments for good operation, such as adequate vaporization 
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at operating temperatures, no knocking, and the like, but 
these are, in general, distinctly different from those for 
starting. One of the operating requirements imposes an 
upper limit on volatility, namely, that the fuel must not 
be so volatile as to allow the formation of bubbles in the 
feed-lines and the carbureter at the maximum tempera- 
tures encountered in service. Under certain circum- 
stances, this upper limit may conflict with the lower 
limit set for starting. For example, a fuel that is ade- 
quate for engine-starting at temperatures below 0 deg. 
fahr. may give difficulty from “‘vapor-lock” at a tempera- 
ture of 90 deg. fahr. This suggests the advisability of 
varying the quality of the fuel for different climatic- 
conditions. 

A recent survey by the Bureau of Mines‘ indicates 
that the-fuels supplied last summer differed very little 
on the average from those supplied the previous winter, 
particularly as regards the content of the more-volatile 
components useful in engine-starting. The difference 
was smaller than that shown in previous years. The 
present custom, among some refiners, of marketing more 
than one grade of fuel throughout the year may account 
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this Society, the American Petroleum Institute, the Na- 
tional Automobile Chamber of Commerce and the Bureay 
of Standards. This research was undertaken originally 
to secure data to be used in estimating the effect of 
changes in the amount of the less-volatile components in 
the fuel on the performance of the average automobile 
then in service. The results of this investigation have 
been reported’ to the Society in former years. 

For the last 2 years, the cooperative fuel research has 
included a study of engine-starting’, the influence of fuel 
and of engine design on starting, and the development 
of methods of testing fuel volatility’. Progress reports 
on this work have been presented at various meetings of 
the Society. The engine-starting tests outlined in the 
original program have now been completed. The results 
of recent tests, which have not been reported previously, 
are presented in this paper, together with a partial 
resume and a correlation of all the results obtained in 
the engine tests and in the laboratory tests on fuel vola- 
tility. 

About a year ago, the cooperative fuel-research steer- 
ing-committee recommended that the study of starting 
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Fic. 1—AMERICAN SOCIETY FOR TESTING MATERIALS DISTILLATION-CURVES 


The Curves at the Left Are for Fuels Nos. 1, 2 and 3, Specially Prepared for the Starting 
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Middle Are for Fuel No. 6, a Commercial Gasoline, and Fuel No. 


Those at the Right Are for Fuels Nos. 1A, 2A, 


to some extent for the small difference. However, if the 
small apparent difference represents a tendency on the 
part of refiners to supply the same quality of fuel 
throughout the year, it seems to be a step in the wrong 
direction, for a fuel that meets starting requirements 
under winter conditions must far exceed those under 
summer conditions. Economic considerations dictate the 
use of the least-volatile fuel that will satisfy the starting 
and operating requirements, in order to obtain the maxi- 
mum production from a given quantity of crude oil and 
also to minimize the evaporation losses in production and 
distribution. 

Probably one reason that less-volatile fuels are not 
supplied in the summer is that the refiner lacks informa- 
tion to use as a guide in telling how far the volatility 
may be decreased and still satisfy the starting require- 
ments. 


COOPERATIVE FUEL RESEARCH 
The cooperative fuel research has been in progress at 
the Bureau of Standards since 1922, under the general 


direction of a steering-committee composed of repre- 
sentatives of the cooperating organizations, which are 


*See Fourteenth Semi-Annual Motor Gasoline Survey, by E. C 


Lane, J. M. Devine and Peter Grandone, published as Reports of 


Investigations, Bureau of Mines, Serial No. 2765. 
5‘See THE JOURNAL, February, 1923, p. 139: July, 1923, p. 3; 
March, 1924, p. 268: July, 1924, p. 69; October, 1924, p. 333; and 


February, 1925, p. 237. 

*See Tuer JOURNAL, July, 1925, p. 52 
and July, 1926, p. 3. 

7See Tue JOURNAL, April, 1926, p. 393; and August, 1926, p. 151. 


February, 1926, p. 147; 


Py Investigation: Those in the 
7, a Blend of Fuel No. 6 with 50 Per Cent of Benzol 


3A, and 4A Also Specially Prepared for These Tests 


should be extended in order to secure data on the effect 
of fuel and engine design on the behavior of the engine 
during the “warming-up” period, particularly as regards 
acceleration. This investigation is now under way. 


FUELS EMPLOYED 


The four fuels specially prepared for the initial co- 
operative investigation were designated as A, B, C, and 
D. They differed considerably in the content of the less- 
volatile components and only slightly in the content of 
the more-volatile components useful in starting. These 
fuels were used in summer and winter service-tests em- 
ploying several different makes of car and many different 
operators. One of the outstanding features of these 
tests was the remarkable consistency with which the 
operators rated the fuels, based largely on ease of start- 
ing. Although this result is qualitative rather than 
quantitative, it indicates clearly that relatively small 
apparent differences in the starting volatility of fuels 
are readily apparent in actual service. 

For the first quantitative tests on starting, three spe- 
cially prepared fuels were used and designated by the 
numbers 1, 2 and 3. Two other fuels were included in 
these tests: one, designated as No. 6, a commercial grade 
purchased on Federal specifications for motor gasoline; 
the other, designated as No. 7, a blend of fuel No. 6 with 
50 per cent of benzol. 

The information obtained from the tests on these fuels 
led to the subsequent preparation and use of four more 
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FUEL REQUIREMENTS FOR ENGINE-STARTING 


fuels designated by 1A, 2A, 3A, and 4A. These fuels 
were purposely prepared so that they differed materially 
only in the content of the more-volatile components, the 
effect of which on starting was the subject of study. 


AMERICAN SOCIETY FOR TESTING MATERIALS DIs- 


TILLATION 


The information to be gained from engine-starting 
tests with certain chosen fuels is obviously of little value 
unless the physical characteristics of the fuels that de- 
termine their starting value can be specified. These 
characteristics must not only be capable of specification 
but some adequate and convenient means of measuring 
them must be provided. The usual means employed to 
specify and test fuels is the familiar distillation that has 
been standardized by the American Society for Testing 
Materials. Such distillation-curves for the various fuels 
used are shown in Fig. 1. It is important that this dis- 
tillation method be carefully scrutinized to determine 
whether it is an adequate means of specifying fuels to 
meet the starting requirements. If it is not, other means 
should be employed. 

When the investigation of engine-starting was planned 
originally about 2 years ago, it was anticipated that the 
initial portion of the American Society for Testing Ma- 
terials distillation-curve was related to starting, but just 
how much of the curve was of significance was not 
known. One conclusion, which is substantiated by all 
the results obtained, is that the first 20 per cent distilled 
is the portion most closely associated with engine-start- 
ing. An excellent illustration of this was shown in the 













































































8See THE JOURNAL, February, 1926, p. 147. 
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(b) the Distillation Loss. The Amount of Distillation Loss Was 


Found To Be Affected by Relatively Small Differences in Room 
Temperature. The 


-emp Correction for Distillation Loss Is Made by 

Shifting the Uncorrected Curve or That Corrected for Thermometer 

Lag Only to the Right an Amount Equivalent to the Distillation 
Loss 
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Fic. 3—EQUILIBRIUM AIR-DISTILLATION CURVES FOR FUEL No 6 


These Curves Illustrate the Character of Air-Distillation Curves for 

Various Mixture-Ratios Supplied and Are Typical of Ths Family 

of Curves for Most Fuels, in Fact, for Any Pure Hydrocarbon. 

The Ratios of the Amounts of Air to the Amount of Fuel Supplied 
Are 1, 3, 6, 12 and 20 


engine tests reported* at the Annual Meeting last year. 
Fuel No. 3 was found to be distinctly better than fuel 
No. 1 for starting at 36 deg. fahr. and only slightly 
better at 81 deg. fahr. The portion of the curve above 
the 20-per cent point was found to have practically no 
significance in engine-starting performance. 

Considering only the portion of the distillation-curve 
below 20 per cent distilled, what point or points are most 
suitable for purposes of specification or for use in corre- 
lating fuel characteristics with engine-starting perform- 
ance? Present Federal specifications for motor gasoline 
employ the initial point and the 20-per cent point to 
specify this portion of the curve. In seeking an answer 
to the question of the most suitable points, an auxiliary 
study was made of two sources of error that have an 
important bearing on the accuracy and reproducibility of 
this portion of the distillation-curve. 

One source of error, which vitiates accuracy in the 
neighborhood of the initial point, is lag of the ther- 
mometer. In distillations made according to the present 
specifications, the thermometer is maintained in one 
position. With different rates of heating and different 
room-temperatures, considerably different temperatures 
may be obtained for the initial point and even up to the 
5-per cent point, because the lag of the thermometer is 
different in each case. It was found that much more 
reproducible results could be obtained by lowering the 
thermometer so that its bulb was near the bottom of the 
neck of the flask at the start, and then raising it to the 
standard position as the condensation line rose in the 
neck of the flask. This procedure practically eliminates 
the effect of thermometer lag. 

The second source of error in specifying this portion 
of the curve is distillation loss. The amount of distilla- 
tion loss was found to be affected by relatively small 
differences in room temperature. Repeated distillations 
made of the same fuel under widely different conditions, 
however, gave consistent results, if properly corrected. 
An illustration of the results obtained by eliminating the 
effect of thermometer lag and also by correcting for 
distillation loss is shown in Fig. 2... The correction for 
distillation loss is made by shifting the uncorrected 
curve or that corrected for thermometer lag only to the 
right an amount equivalent to the distillation loss. 
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TABLE 1—AIR-DISTILLATION DATA 


Ratios of Fuel to Air Supplied 
Fuel 2.00 1.00 0.50 0.33 0.25 0.17 


Percentage, by Volume, of Fuel Evaporated at 25 Deg. Cent 


(77 Deg. Fahr.) 
1A 12.8 18.5 27.6 34.5 39.0 54.4 
2A 12.8 16.7 25.0 31.5 35.6 42.5 
3A 12.2 16.6 26.4 32.5 37.0 43.5 
4A 12.2 16.4 25.0 31.5 35.6 42.5 
Percentage, by Volume, of Fuel Evaporated at 0 Deg. Cent. 
(32 Deg. Fahr.) 
1A 10.7 12.7 23.8 27.0 
2A 8.0 10.7 21.0 25.4 
3A 6.2 9.6 20.8 24.4 
4A 7.8 10.3 21.6 25.2 


It is evident from Fig. 2 that this method of correc- 
tion involves extrapolating the curve to the initial point. 
There is much uncertainty in this extrapolation and the 
initial point is therefore not a suitable point for the 
purpose of specification, because the true initial-point is 
indefinite and not directly observed. Since distillation 
losses are frequently larger than 3 per cent, the 5-per 
cent point seems to be about the lowest point that is 
suitable for specification with a reasonable degree of 
definiteness. Thus, the “starting” portion of the dis- 
tillation-curve, for the purpose at hand, becomes limited 
to the narrow range between the 5 and the 20-per cent 
points. 

In the engine tests, the time required for starting is 
measured. With these measurements as a criterion, the 
various fuels used under similar conditions can be rated 
in a definite order. The same order is obtained in all 
cases by using the “starting” portion of the distillation- 
curve as a criterion. Thus, there seems to be a close 
qualitative relation between the distillation-curve and 
the starting ability of the fuel, but the nature of this 
distillation is so different from the actual state of affairs 
existing during the evaporation of the fuel in an engine 
that no direct means of arriving at a quantitative rela- 
tion between them was apparent. 


““ 


EQUILIBRIUM AIR-DISTILLATION 


Fortunately, another method of testing fuel volatility 
has been developed recently that yields results more di- 
rectly related to engine-starting performance. A paper 
giving a detailed description of the apparatus used and 
the procedure followed in these quantitative tests of 
fuel volatility has been published’. The method consists 
in measuring the amount of fuel evaporated in a known 
amount of air under conditions practically equivalent to 










* See THE JOURNAL, August, 1926, p. 151. 
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Fic. 4—EQuILiprium ArIR-DISTILLATION CURVES FOR VARIOUS FUELS 


In These Curves the Mixtures of Fuel and Air Supplied Are in the 
Ratio of 3 Parts of Air to 1 Part of Fuel 
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those prevailing in the utilization of the fuel in starting 
an engine. This is accomplished by supplying, at a con- 
stant rate, measured amounts of air and liquid fuel to 
an evaporating-coil maintained at a constant temperature 
and measuring the rate of collection of unevaporated 
fuel. The amount of fuel evaporated is obtained by dif- 
ference. An air-distillation curve, somewhat analogous 
tc an American Society for Testing Materials distilla- 
tion-curve, can be determined by repeating this pro- 
cedure at various temperatures with a constant propor- 
tion of air and fuel supplied. Similar curves can be 
determined for various mixtures supplied. 

Results obtained by this method on fuels Nos. 1, 2, 3, 
6, and 7 were reported in the paper referred to. The 
results obtained subsequently on fuels Nos. 1A, 2A, 34, 
and 4A are given in Table 1. Data obtained on fuel No. 
6 are presented graphically in Fig. 3, to illustrate the 
character of air-distillation curves for various mixture- 
ratios supplied. The curves shown in the figure are 
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Fig. 5—EQUILIBRIUM AIR-DISTILLATION CURVBS FOR VARIOUS FUELS 


The Upper Curves Represent American Society for Testing Ma- 

terials Distillation-Data for Fuels Having 1 to 1 Mixtures Supplied; 

the Lower Curves, Air-Distillation Data for the Same Fuels. In 

This Form, the Starting Portions of the American Society for Testing 
Materials Curves Become Most Prominent 


typical of this family of curves for most fuels. In fact, 
they are typical for any pure hydrocarbon. It should be 
noted that the portions of the curves above 40 per cent 
evaporated are essentially straight lines for the leaner 
mixtures and that the curvature of the lines for rich 
mixtures, such as those supplied in engine-starting, in- 
creases at the lower temperatures. No data have been 
obtained by this method at temperatures below 0 deg. 
cent. (32 deg. fahr.) largely because experimental diffi- 
culties become much greater at those temperatures. For 
example, the air supplied must be dry, in order to avoid 
accumulation of ice crystals in the evaporating-coil that 
would seriously affect the measurements of the rate of 
collection of unevaporated fuel. Relatively small per- 
centage errors in the measurements of the rates of fuel 
supplied and collected become serious when the two rates 
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Fie. 6—INFLUENCE OF FURL VOLATILITY ON ENGINE-STARTING, USING FUBLS Nos. 1A, 2A, 3A, AND 4A 

The Time-Interval between the Turning-On of the Fuel at the Jet and the First Audible Explosion Was Measured by a 
Stop-Watch. These Observed Time-Intervals Are Plotted Against Corresponding Rates of Fuel-Flow, Giving a Graphical 


Representation of the Starting Behavior of the Engine, When Using Different Fuels and Different Mixtures. 


In the Curves 


at the Left, the Temperature of the Jacket-Water Is Maintained at 86 Deg. Fahr. and the Intake-Air, at 77 Deg. Fahr.; 
in Those in the Middle, the Jacket-Water Is 32 Deg. Fahr. and the Intake-Air, 39 Deg. Fahr.; and in Those at the Right, 


the Jacket-Water Is 16 Deg. Fahr. and the Intake-Air, 18 


are nearly equal, because the small difference between 
them limits the accuracy of the quantity sought, namely, 
the percentage evaporated. For this reason, small per- 
centages evaporated are difficult to measure with pre- 
cision by this method. 

It is at low temperatures, however, that air-distillation 
data are most valuable from the standpoint of starting 
under extreme conditions. Quantitative data at low tem- 
peratures are needed to estimate the temperature below 
which a particular fuel will not allow starting, and also 
the minimum temperature at which it will give satisfac- 
tory starting, other factors being specified. Extrapolat- 
ing the results obtained at 0 deg. cent. (32 deg. fahr.) 
and at higher temperatures in the manner indicated in 
Fig. 3 cannot be done with accuracy. A rational and 
more accurate method of extrapolation was therefore 
employed. 

It is an experimental fact that a plot of logarithms of 
vapor pressure versus the reciprocal of the absolute tem- 
perature gives a straight line in the range of interest 
here. It can be shown (see Appendix) that for any 
given air-fuel ratio supplied at low temperatures, the 
percentage evaporated in equilibrium air-distillations de- 
pend almost entirely on the pressure of the fuel vapor 
that is in equilibrium with the unevaporated fuel. It 
follows, therefore, that the distillation-curves must be 
essentially straight lines at low temperatures when the 
logarithm of the percentage evaporated is plotted against 
the reciprocal of the absolute temperature. Extrapolat- 
ing percentage evaporated on such a plot is analogous to 
extrapolating vapor pressure. The analogy is very close, 
for the magnitude of both became small at low tempera- 
tures and the results obtained by extrapolation are prob- 
ably about as accurate as or possibly more accurate than 
could be obtained by experiment. 

Air-distillation data for supplied 0.33 to 1 mixtures of 
fuel and air (3 parts air to 1 of fuel) are shown in Fig. 
4. Similar data for 1 to 1 mixtures supplied are shown 
in the lower portion of Fig. 5. American Society for 
Testing Materials distillation-data for the same fuels are 
shown in the upper portion of Fig. 5 where the familiar 
distillation-curves are so distorted as to be almost beyond 
recognition. It is in this form, however that the 
“starting” portions of the American Society for Testing 
Materials distillation-curves become most prominent. 

Air-distillation data on all the fuels were plotted on 
a large scale for ready use in making comparisons with 
the results obtained in the engine tests. Curves for fuels 
Nos. 6, 2A and 4A were not included in Figs. 4 and 5, 
In order to avoid confusion. Most of the air-distillation 
data were originally obtained and previously reported 
on the basis of the percentage evaporated by volume. A 


eg. Fahr. 


small correction has been applied to those results in 
order to convert them to a weight basis for use in this 
analysis. 

Air-distillation data at moderately high temperatures 
serve to indicate the completeness of evaporation of the 
fuel under engine operating-conditions. Consequently, 
a considerable amount of data was obtained on the vari- 
ous fuels employing the supplied mixture-ratios normally 
used in operation. Data were obtained at 0, 25, 35, and 
60 deg. cent. (32, 77, 95, and 140 deg. fahr.) with sup- 
plied mixture-ratios similar to those employed in engine- 
starting. In some cases, it was necessary to extend these 
data to cover the range of mixture ratios used here. 

It should be pointed out that the percentage evaporated 
in equilibrium air-distillation depends upon four factors, 
namely the fuel, the mixture-ratio supplied, the tempera- 
ture, and the pressure. A change in any one of these 
factors produces a change in the percentage evaporated. 
The pressure was sensibly constant in all the distilla- 
tions, since they were carried out at atmospheric pres- 
sure. If, for the same temperature, the same weights 
of air and of fuel were supplied at a total pressure of % 
atmosphere, the air would occupy approximately twice 
the volume that it would occupy at 1 atmosphere and, 
consequently, the percentage of fuel evaporated would 
be approximately twice the percentage evaporated at 1 
atmosphere. 

For a particular fuel at a given temperature and mixed 
at atmospheric pressure in a certain proportion with 
air, the percentage evaporated is a definite and measur- 
able quantity. The same result is obtained, whether the 
distillation is continued for an hour or for a day. In 
other words, equilibrium is reached in these distillations, 
and time has been eliminated ‘as a factor. 


SNGINE DISTILLATION 


In utilizing the fuel to obtain an initial start, an air 
distillation is going on in the engine. This distillation will 
be called “engine distillation” here. So far as starting 
is concerned, the primary function of the engine dis- 
tillation is to furnish an explosive mixture to the cylin- 
ders in the shortest possible time. 

In general, three factors tend to delay the engine dis- 
tillation in performing this function, namely, (a) dilu- 
tion, (b) time and (ce) liquid deposition. Usually, the 
cylinders and the intake-manifold contain only air at the 
beginning of the starting-period. The first couple of 
revolutions washes out most of this air but the portion 
remaining in the clearance volume after the exhaust 
tends to dilute the incoming charge. The amount of 
dilution, of course, decreases with succeeding revolu- 
tions. Some of the fuel comes into contact with the oil- 
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TABLE 2—-FUEL CONSUMPTION DURING STARTING, SUPPLY- 
ING A 1.5 TO 1.0 AIR-FUEL MIXTURE-RATIO (0.667 FUEL- 
AIR) TO ENGINE A, HAVING 425-CU. IN. PISTON-DISPLACE- 
MENT 
Number of 


Engine Number of 


Quantity of Fuel Used Revolutions Starts per 


Fuel No Ce. Pints Required Gallon 

20 Deg. Cent. (68 Deg. Fahr.) 

1 18.8 0.040 5.3 201 

3 14.7 0.031 4.2 258 

2 11.2 0.024 3.2 338 
2 Deg. Cent. (36 Deg. Fahr.) 

1 214.0 0.453 60.4 18 

3 112.0 0.237 31.7 34 

2 26.0 0.055 7.3 146 


film on the cylinder-walls and disappears from the 
charge before the ignition. The time-interval between 
the instant the charge leaves the jet and the passing of 
the spark is so short that the maximum amount of evap- 
oration may not take place. The heat of vaporization of 
the fuel must come from somewhere. If there is insuffi- 
cient time to get it from the air or from the surrounding 
surfaces, the liquid simply cools itself down until evap- 
oration ceases. With the relatively low velocities that 
exist in the intake system at slow cranking-speeds, liquid 
fuel tends to fall out of the charge and be deposited on 
the walls of the manifold, thus tending to lean the charge 
that reaches the cylinders. 

Opposing these factors are, in general, three other 
factors that tend to help in the attainment of an ex- 
plosive mixture, namely, (d) pressure reduction, (e) 
compression and (f) delayed evaporation. The reduc- 
tion of pressure in the manifold and in the cylinders 
during the suction stroke produces an effect similar to 
injecting liquid fuel into a vacuum. The fuel has a 
greater opportunity to evaporate. On the compression 
stroke, the heat of compression tends to promote evap- 
oration of any liquid, or any particles of liquid, that 
may be present in the charge within the cylinder. Liquid 
that may have fallen out of the initial charges and ac- 
cumulated on the manifold walls receives heat from the 
metal, and the delayed evaporation enriches the succeed- 
ing charges. 

The part that each of these factors plays in engine- 
starting would be difficult to determine quantitatively. 
The combined effect of all the factors can be determined, 
however, by direct experiment. The time required to 
build up an explosive mixture in the cylinders, as evi- 
denced by the first explosion, can be directly measured. 
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Fic. 7—Curves SHOWING THE EFFECT or HEATING LIQUID FUEL 
PRIOR TO ITs DISCHARGE INTO THE MANIFOLD 
Apparently, Heating the Fuel Results in a Richer Resultant- 
Mixture for a Given Mixture Supplied; Consequently, a Shorter 


Time Is Required for Starting 


ENGINE TESTS 

In order to make quantitative and reproducible meas- 
urements on engine-starting, the conventional carbureter 
was replaced with a simple jet, together with fixed throt- 
tle and choke orifices. The engine was driven at con- 
stant speed by a dynamometer. Under these conditions, 
the rate of air-flow was constant, and different mixtures 
were supplied by simply altering the head of fuel on the 
jet. Measurements of the rates of air and of fuel-flow 
gave the mixture-ratios supplied. 

The time-interval between the turning on of the fuel 
at the jet and the first audible explosion was measured 
by a stop-watch. These observed time-intervals are 
plotted against corresponding rates of fuel-flow in Fig. 
6, which gives a graphical representation of the starting 
behavior of the engine, when using different fuels and 
different mixtures. The engine used in these more re- 
cent tests was a six-cylinder passenger-car engine, re- 
ferred to as engine B. 

It may be noted that fuels Nos. 1A, 2A, 3A, and 4A 
gave about the same starting-performance at 25 deg. 
cent. (77 deg. fahr.), whereas at the lower temperatures 
they gave marked differences in performance. Some- 
what similar results were obtained at various tempera- 
tures using fuels Nos. 1, 2, 3, 6, and 7 and a four-cylin- 
der truck-engine, referred to as engine A. These results 
may be found in previous reports on this research. 

One interesting result directly obtainable from any of 
the engine tests is the fuel consumption during starting. 
For example, the product of the coordinates of any point 
shown in Fig. 6 gives the fuel consumption. Examina- 
tion of all the results shows that, with a given fuel, the 
consumption is approximately constant for a considera- 
ble range of mixtures supplied. Under similar condi- 
tions the consumption is greater, however, for what 
might be called very lean and also for exceedingly rich 
starting mixtures. 

To give some idea of the fuel consumption during 
starting and also of the variations that may be en- 
countered with different fuels and different tempera- 
tures, Table 2 has been prepared. For this illustration, 
some of the extreme cases shown by the tests have been 
selected. It should be noted that the fuel consumption 
for the three fuels is not seriously different at 20 deg. 
cent. (68 deg. fahr.) in spite of the vast differences in 
the volatility of these fuels as indicated by the starting 
portion of the American Society for Testing Materials 
distillation-curves at the left of Fig. 1. At 2 deg. cent. 
(36 deg. fahr.), the differences in the fuel consumption 
of the three fuels are decidedly marked. This empha- 
sizes the fact that the starting volatility of fuels may be 
no small factor in the total fuel-consumption during cold 
weather. 

Thus far in the paper, the fuel and its effect on engine- 
starting have been the main topic under discussion. 
Numerous factors, other than the fuel, have or may pos- 
sibly have an effect on starting. Considerable attention 
was devoted, therefore, to the influence of engine charac- 
teristics, particularly the following items: (a) Throt- 
tling and choking; (b) the size, location and obstructions 
of the jet; (c) the heating of liquid fuel; (d) the jacket- 
water temperature; (e) the cranking-speed; (f) the 
combustion-chamber; (g) the ignition; and (h) the in- 
ternal-surface area of the intake-manifold. 

Each item was made the subject of auxiliary study. 
The procedure was to change only one factor at a time, 
in order to ascertain the effect of the change on the ob- 
served time required for starting. Every effort was 
made to hold all the other factors as constant as possible. 
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Fic. 8—CURVES REPRESENTING THE STARTING PERFORMANCE OF Two 
TYPES OF ENGINE, A PASSENGER-CAR ENGINE AND A TRUCK ENGINE 
Among the Factors That May Have an Effect on Starting Are the 
Lubricant, Valves, Piston-Rings, Pistons, Carbon, and the Like. 
That the Combined Effect of These Factors Is Not Large Is In- 
dicated by the Comparative Data Shown 





The results obtained from these studies, with one ex- 
ception, (c), have been presented to and published by 
the Society. Some results of tests made in connection 
with heating the fuel prior to its discharge into the 
manifold are presented in Fig. 7. Apparently, heating 
the fuel results in a richer resultant-mixture for a given 
mixture supplied; consequently, a shorter time is re- 
quired for starting. 

Although the above-mentioned studies have been lim- 
ited in some respects, nevertheless they serve to indicate 
the relative importance of these factors. The conclusions 
drawn from these studies may be summed up as follows: 
(a), (b) and (¢c) have considerable effect on starting; 
(d), (e) and (f) have minor effect on starting; and 
(g) and (h). have practically no effect on starting. 

Other factors that may have an effect on starting are 
the lubricant, valves, piston-rings, pistons, carbon, and 
the like. No direct information has been obtained re- 
garding the influence of any one of these factors, to the 
exclusion of all others; yet it seems probable that, in 
most cases, their individual influence is minor or prac- 
tically nil. That the combined effect of these factors is 
not large is indicated by the comparative data, shown in 
Fig. 8, for the two engines A and B of widely different 
design. 

One factor that may have a considerable effect on 
starting is leakage through the exhaust-valves or by the 
pistons. Measurements of the compression-pressures in 
engines A and B indicated that these engines were in 
good mechanical condition, so far as leakage was con- 
cerned. Although the influence of leakage has not been 
studied specifically, it seems certain that this factor 
would have a serious effect on starting, in the case of 
engines in very poor mechanical condition. 

At the very beginning of this general investigation of 
starting, one of the aims was to secure a method of 
testing that would yield results representative of all 
makes and models of automotive engine. The fact that 
two vastly different types of engine, one a 1918 four- 
cylinder truck-engine, the other a 1926 six-cylinder pas- 
senger-car engine, gave almost identical results on 
starting (see Fig. 8) speaks for itself as to how well 
this aim was attained. It was shown, in the progress 
report of last year, that the results obtained with the 
test apparatus are representative of different carbureters 
in common use. Thus, the data at hand may be taken as 
reasonably representative of present-day engine and car- 
buretion equipment. 


See THE JOURNAL, July, 1926, p. 3. 
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EFFICIENCY OF ENGINE DISTILLATION 


With all the data now at hand on the same fuels, both 
from the engine tests and from the equilibrium air-dis- 
tillations, it is important that these two sets of data be 
correlated to yield as much general information as pos- 
sible to aid in specifying what the fuel must be in order 
to satisfy given fuel-requirements for starting. The 
obvious course is to use the data from the engine tests 
to obtain a quantitative relation between equilibrium air- 
distillations and engine-distillations. Both these distil- 
lations can be made under similar conditions. For 
example, the same fuel can be supplied in each, the tem- 
perature of the air and of the fuel and the mixture-ratio 
supplied can be made the same, yet the resultant mix- 
tures may be entirely different. It seems reasonable to 
assume that the resultant attained in the equilibrium 
air-distillation is the maximum, or ideal, attainable in 
the engine distillation. "Thus, the ratio of the resultant 
mixture attained in the engine distillation and the re- 
sultant attained in the equilibrium distillation serve as 
a measure of the efficiency of the engine distillation. 
This efficiency may be expected to depend only slightly 
on such factors as the fuel, the temperatures of the air 
and of the fuel supplied, the mixture-ratio supplied, the 
cranking-speed, and the like and to depend primarily on 
the number of engine revolutions. For the first few 
revolutions, the engine distillation cannot be expected 
to be very efficient because of the air dilution previously 
mentioned. 

At the 1926 Summer Meeting of the Society, data 
were presented” on the effect of the cranking-speed on 
starting. Using cranking-speeds of 80, 100, 150, and 200 
r.p.m., it was found that a start was obtained in practi- 
cally the same number of revolutions with the same mix- 
ture-ratio supplied. In other words, the same number 
of revolutions yields the same resultant-mixture in the 
engine distillation, since firing begins as soon as the 
leanest explosive-mixture has been obtained. Several 
different cranking-speeds were employed in the engine 
tests. The results are reduced to a common basis, how- 
ever, by multiplying the time in seconds required to 
start by the corresponding number of engine revolutions 
per second. This explains how the abscissas of the 
points shown in Fig. 9 were obtained. 

The most important tying link between the results 
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Fic. 9—CORRELATION OF EQUILIBRIUM AIR-DISTILLATION DATA AND 


ENGINE-STARTING DATA 
The Ordinate of Each Point Was Obtained by Using the Intake-Air 
Temperature Recorded in Each Test and a Definite Mixture-Ratio 
Supplied, the Equilibrium Percentage Evaporated under These 
Conditions Being Obtained from the Equilibrium Air-Distillation 
Data 
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Fic. 10—GENERAL RELATION BETWEEN THE RB&SULTANT MIXTURi 
ATTAINED IN EQUILIBRIUM AIR-DISTILLATIONS AND THE NUMBER 
OF ENGINE REVOLUTIONS REQUIRED TO START THE ENGINE 


This Is Representative of All the Fuels, of All the Temperatures 
and Cranking-Speeds Employed and, by Inference, of All the 
Mixture-Ratios Supplied 


obtained in the engine tests with the different fuels and 
the results obtained from equilibrium air-distillations of 
the same fuels is the mixture-ratios supplied. These 
mixture-ratios were known and were subject to precise 
control in the equilibrium air-distillations. In the engine 
tests, the rate of fuel-flow was always measured, but the 
rate of air-flow was not measured in all cases. With 
fixed throttle and choke orifices, known crankpin-speeds 
and known piston-displacements, however, the rate of 
air-flow was known with moderate accuracy. Thus, the 
mixture-ratio supplied to the intake-manifold in each 
engine-test with the different fuels was known with suf- 
ficient accuracy for the purpose of this analysis. 

Considerable ranges of mixture-ratio and of tempera- 
ture were employed in the engine tests. Using the in- 
take-air temperature recorded in each test and a definite 
mixture-ratio supplied, the equilibrium percentage evap- 
orated under these conditions was obtained from the 
equilibrium air-distillation data. This explains how the 
ordinate of each point shown in Fig. 9 was obtained. It 
may be noted that the curves shown for the three mix- 
tures supplied are fairly representative of all the fuels, 
irrespective of the temperature of the air and of the fuel 
supplied. The effects of temperature and fuel have been 
practically eliminated by this procedure. 
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Fic. 11—SAME RELATION SHOWN IN Fia. 10, 
DIFFERENT SCALE 

When the Logarithm of the Resultant Air-Fuel Ratio in Equilibrium 

Air-Distillation Is Plotted against the Reciprocal of the Number 
of Engine Revolutions, the Resulting Curve Is a Straight Line 


WHEN PLOTTED TO A 
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It may be inferred that intermediate mixtures would 
give similar curves. It is desirable that the effect of 
mixture-ratio also be eliminated from the comparison. 
This is accomplished in the manner shown in Fig. 10. 
The ordinate of each point in Fig. 9 has been multiplied 
by the corresponding mixture-ratio supplied, which gives 
the resultant mixture-ratio attained in equilibrium air- 
distillations. The same symbols used in Fig. 9 for the 
different mixtures have been retained in Fig. 10, but the 
identification of the various fuels have been omitted for 
obvious reasons. 

Fig. 10 gives a general relation between equilibrium 
air-distillations and engine distillations that is repre- 
sentative of all the fuels, of all the temperatures and 
cranking-speeds employed and, by inference, of all the 
mixture-ratios supplied. In each test, practically the 
same resultant-mixture of air and fuel vapor is attained 
in the engine cylinders, when the first explosion occurs. 
Consequently, the curve shown in Fig. 10 represents a 
line of constant resultant-mixture attained in the engine 
distillations. The number of revolutions made by the 
engine before the first explosion occurs constitutes a 
measure of the ability of the engine distillation to build 
up this explosive mixture in the cylinders. 

It seemed desirable to reduce the graphical relation 
shown in Fig. 10 to a definite analytical relation. In 
searching for a suitable means of accomplishing this, it 
was noted from Fig. 10 that, when a mixture was sup- 
plied which would give a resultant air-fuel mixture of 
12 to 1 under equilibrium conditions, about 10 revolutions 
of the engine was required to build up an explosive 
mixture in the cylinders. Since it is certain that the 
engine would have fired as soon as a mixture consider- 

TABLE 3-—ENGINE DISTILLATION EFFICIENCY 


Number of Revolutions Efficiency, Per Cent 


N (re/Ya) 100 
0 0 
1 1 
2 10 
3 22 
4 32 
5 4 
6 46 
8 56 
10 63 
15 74 
20 79 
30 86 
40 89 
50 91 


ably leaner than 12 to 1 reached the cylinders, it ap- 
peared that the time-lag in the engine distillations might 
be the principal factor causing the delay in starting. If 
this were the case, the resultant mixtures in the two dis- 
tillations should be related by the familiar equation for 
lag, namely, 

re = Tae— K/t 


where 

f base of Naperian logarithms 

K a constant 

r the resultant fuel-air ratio attained in equilib- 
rium air-distillation 

rs the resultant fuel-air ratio attained in engine dis- 
tillation when a start is obtained 

t — time 


Since the number of engine revolutions, N, is used 

here instead of time, the above equation can be written 
log (ra/re) = C/N 

where C is another constant differing from constant K. 

As stated previously, r, is practically constant, so that, 
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FUEL REQUIREMENTS 


if log ra is plotted against 1/N, the data should be capa- 
ble of representation by a straight line. 

The result obtained by such a change of coordinates is 
shown in Fig. 11. Considering all the uncertainties in- 
yolved in the measurements themselves, also in the vari- 
ous steps made thus far, the result as expressed by the 
straight line may well be taken as a representative re- 
lation between the engine and the equilibrium air-dis- 
tillations. The equation for the line is 

log (ra/re) = 2/N 
where r, is 0.05, which corresponds to a 20 to 1 air-fuel 
ratio. This mixture appears, from these data, to be the 
leanest resultant-mixture that will allow starting. 

Calling r./ra the efficiency of the engine distillation, 
this equation supplies the information given in Table 3. 
It should be recalled that these efficiencies apply equally 
well to the two entirely different engines employed in 
the tests; these efficiencies, therefore, may be expected 
to be more or less characteristic of most automotive 
engines when in good mechanical condition. It is evi- 
dent that these efficiencies cannot be expected to apply 
to all conditions that may be met in service. For ex- 
ample, large leakages past either the exhaust-valves or 
the pistons may continually dilute the incoming charges 


TABLE 4-—COMPARISON OF TEMPERATURES FOR 5 PER CENT 
EVAPORATED IN AMERICAN SOCIETY FOR TESTING MATE- 
RIALS DISTILLATION AND IN EQUILIBRIUM AIR-DISTILLA- 
TION WITH 1 TO 1 MIXTURE SUPPLIED 
American Society for 


Testing Materials Ratio of 
Distillation, Air Distillation, Absolute 
Fuel Deg. Deg. Deg. Deg. Tem- 

No. Cent. Fahr. Cent. Fahr. peratures 
1 103 217 + 4 + 39 1.36 
2 57 127 — 39 — 38 1.39 
3 77 171 —18 0 1.37 
6 76 169 —18 0 1.37 
7 75 167 — 22 — 8 1.39 
14 72 162 - 25 —13 1.39 
2A 77 171 — 20 — 4 1.38 
3A 84 183 —13 + 9 1.37 
4A 78 172 - 20 — 4 1.39 
Mean = 1.38 


to such an extent that they reduce very materially the 
engine distillation-efficiency. The effect of small leak- 
ages on this efficiency may be considerable at slow crank- 
ing-speeds. 


POSSIBLE STARTING AND SATISFACTORY STARTING 


The information now at hand is in suitable form for 
determining the lowest temperatures at which the vari- 
ous fuels will allow starting and also the temperatures 
below which they will not give satisfactory starting. In 
order to determine these temperatures, it becomes neces- 
sary to specify what is meant by possible starting and 
by satisfactory starting. 

Two of the factors that were found to have a major 
effect on starting are throttling and choking. These may 
be varied at will by the operator. In practice, therefore, 
the mixtures supplied are subject to wide variations. 
To define possible starting, it is necessary to specify 
some definite supplied mixture-ratio. This mixture- 
ratio should represent, so far as possible, the richest 
mixture that can be supplied with the average carbureter 
in service. From the rather limited information avail- 
able on this question, a mixture-ratio of 1 to 1 has been 
selected as a reasonably safe limit for defining possible 
starting. It is probable that many carbureters in ser- 
vice can supply a richer mixture-ratio than 1 to 1. 

To define satisfactory starting, it is necessary to 
Specify the number of engine revolutions considered 
Satisfactory and also the mixture-ratio that can be sup- 
plied conveniently. The selection of definite values is 
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TABLE 5—COMPARISON OF TEMPERATURES FOR 15 PER 
CENT EVAPORATED IN AMERICAN SOCIETY FOR TESTING 
MATERIALS DISTILLATION AND IN EQUILIBRIUM AIR-DIS- 
TILLATION WITH 2 TO 1 AIR-FUEL MIXTURE SUPPLIED 
American Society for 


Testing Materials Ratio of 
Distillation, Air Distillation, Absolute 
Fuel Deg. Deg. Deg. Deg. Tem- 

No. Cent. Fahr. Cent. Fahr. peratures 
1 120 248 20 68 1.34 
2 67 153 — 23 — 9 1.36 
3 107 225 8 46 1.35 
6 100 212 4 39 1.35 
7 84 183 0 32 1.31 
1A 92 198 — 5 23 1.36 
2A 98 208 0 32 1.36 
3A 103 217 5 41 1.35 
1A 102 216 3 37 1.36 


Mean = 1.35 

more or iess arbitrary. The values selected here are 10 
revolutions and an air-fuel ratio of 2 to 1. These values 
seem to be reasonably fair and to lead to an apparently 
adequate means of specifying the fuel for starting pur- 
poses. A large number of combinations of values, of 
course, might be selected. Each combination would lead 
to a slightly different means of specifying the fuel, many 
of which would be inadequate for the purpose. 


AMERICAN SOCIETY FOR TESTING MATERIALS DISTILLA- 
TION A GUIDE IN SPECIFYING FUEL REQUIREMENTS 


The above specified conditions serve to fix the per- 
centage of the fuel that must be evaporated in an equi- 
librium air-distillation to give possible starting and 
satisfactory starting. 

With a 1 to i mixture supplied, 5 per cent of the fuel 
must be evaporated in order to yield a 20 to 1 resultant 
air-fuel ratio, which was found to be the leanest re- 
sultant-mixture allowable in starting. The temperatures 
corresponding to 5 per cent evaporated in equilibrium 
air-distillations for the various fuels are given in Table 
4. The corresponding American Society for Testing 
Materials distillation-temperatures for 5 per cent evapo- 
rated are also given. It may be noted that the ratio of 
these temperatures, on the absolute scale, is practically 
constant. 

With a 2 to 1 air-fuel mixture supplied, 15 per cent of 
the fuel must be evaporated in equilibrium air-distilla- 
tion. This gives a resultant mixture-ratio of about 13 
to 1, which should give starting in about 10 engine-revo- 


TABLE 6—AMERICAN SOCIETY FOR TESTING MATERIALS DIS- 
TILLATION-TEMPERATURES CORRESPONDING TO THE LOW- 
EST AND THE AVERAGE STARTING-TEMPERATURES 
Temperature of 
5-Per Cent American 
Society for Testing 


Lowest Temperature, Materials Distillation, 


Deg. Cent. Deg. Fahr. Deg. Cent. Deg. Fahr 
— 45 — 50 42 105 
- 40 — 40 49 119 
-35 — 30 55 133 
— $0 — 20 62 147 
25 —10 69 161 
20 0 76 175 
15 + 10 83 188 
—10 20 90 202 
- ) 30 97 216 
0 40 104 230 
+ 5 50 111 244 
10 60 118 257 
15 70 124 27 
20 80 131 285 
Temperature of 

15-Per Cent American 
Average Society for Testing 

Minimum Temperature, Materials Distillation, 

Deg. Cent. Deg. Fahr. Deg. Cent. Deg. Fahr. 

25 —= 90 62 134 
— 20 —10 69 147 
— 15 0 75 161 
— 10 + 10 82 174 
— 5 20 89 18§ 
0 30 96 201 
+ 5 40 102 215 
10 50 109 228 
15 60 116 242 
20 70 123 255 
25 80 129 270 
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CURVES OF Four HYPOTHETICAL FUELS THAT SHOULD GIVE THE SAME 
STARTING PERFORMANCE AT THE TEMPERATURES SPBCIFIED 
The Temperatures at Which the Fuels Give Possible Starting and 
Satisfactory Starting Are as Follows: 

Possible Starting Satisfactory Starting 


Fuel Deg. Cent. Deg. Fahr. Deg. Cent. Deg. Fahr 
1 10 50 20 68 
2 5 23 10 50 
3 —- 25 — 13 — 5 23 
4 — 45 — 49 20 — 4 


lutions (See Fig. 11). The temperatures corresponding 
to 15 per cent evaporated in American Society for Test- 
ing Materials and air distillations are given in Table 5. 
Again the ratio of the absolute temperatures is fairly 
constant. The only significant difference is in the case 
of fuel No. 7, a 50-per cent benzol-blend. This suggests 
that the conclusions reached here may not be adequate 
for benzol blends. 

The mean values for the ratio of absolute tempera- 
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tures, namely, 1.38 for 5 per cent evaporated and 1,35 
for 15 per cent evaporated, have been used as a basis for 
Table 6. This table affords a convenient working-guide 
for specifying the fuel to give possible starting and 
satisfactory starting at the lowest and the average mini- 
mum temperatures anticipated in service. (See Fig. 12.) 

The temperatures encountered during the winter 
months are generally very different from those encoun- 
tered during the summer in most sections of the United 
States. In order to illustrate such variations in tempera- 
ture, Tables 7 and 8 have been compiled from United 
States Weather Bureau statistics covering the last 20 
to 50 years. 

The fuel requirements for starting were discussed jn 
the first part of this paper. The information contained 
in Tables 6, 7 and 8 supplies a ready means of specifying 
the fuel to meet these requirements for a large number 
of localities. A practical example will be given of the 
manner in which this information may be used to specify 
a “summer” and a “winter” fuel for Detroit. For this 
illustration, the year will be divided into two equal parts, 
May to October, inclusive, and November to April, in- 
clusive. The lowest temperatures anticipated during 
these periods, according to Table 7, are 24 deg. fahr. and 
—24 deg. fahr.; and the average minimum tempera- 
tures during each of the 6-month periods, according to 
Table 8, are respectively 55 deg. fahr. and 26 deg. fahr. 
The American Society for Testing Materials distillation- 
temperatures corresponding to possible starting and 
satisfactory engine-starting at these temperatures are 
obtained from Table 6 and give the following results: 


Months May to November 
October, to April, 
inclusive inclusive 

Lowest Temperature, deg. fahr. 24 — 24 

Average Minimum Temperature, 

deg. fahr. 55 26 

American Society for Testing 

Materials Distillation 
5 Per Cent, deg. fahr. 208 141 
15 Per Cent, deg. fahr. 250 193 


The fuel requirements for any season of the year in 
other localities can be determined in a similar manner. 


TABLE 7--LOWEST RECORDED TEMPERATURE IN DEGREES FAHRENHEIT IN VARIOUS CITIES OF THE UNITED STATES BASED 
ON UNITED STATES WEATHER-BUREAU STATISTICS, COVERING A PERIOD OF FROM 20 TO 50 YEARS 

City Jan. Feb. March April May June July Aug. Sept. Oct. Nov. Dec. 
Portland, Me. — 16 — 17 — 7 12 at 38 48 45 32 22 6 — 2 
Boston —13 — 11 — § 11 3 42 46 47 3 25 — 2 —14 
New York City 6 — 7 3 12 34 45 50 51 39 29 ? —-% 
Philadelphia — 5 a § 5 18 35 46 54 51 40 31 .. <<— a 
City of Washington —14 —15 4 22 33 43 52 49 36 26 12 —13 
Norfolk, Va. 5 2 14 24 38 49 57 56 40 31 18 5 
Charleston, S. C. 10 7 24 32 45 49 64 62 49 37 23 12 
Jacksonville, Fla. 15 10 26 34 46 54 66 64 49 37 26 14 
Miami, Fla. 29 27 34 45 50 61 67 67 62 52 36 32 
Duluth, Minn. — 4] — ne SB 3 16 33 42 38 28 8 — 29 — 35 
Buffalo —14 — 13 — 4 11 28 39 47 44 35 24 2 — 9 
Detroit wey | — 20 a § 8 28 38 48 45 30 22 0 — 24 
Chicago oom, SO — 2 —12 17 27 40 50 47 32 14 — 2 — 23 
Pittsburgh —12 —- 20 1 14 27 39 49 45 35 20 4 — 9 
Louisville, Ky. —— 2D aan $4 3 21 33 3 54 47 36 26 4 — 7 
Memphis, Tenn. 8 9 15 27 40 50 58 53 3$ 28 16 2 
Atlanta a= § me 8 25 38 39 58 55 3 28 14 1 
New Orleans 15 7 30 38 52 58 66 63 54 40 29 19 
Bismarck, N. D. — 45 Say Se ‘sone 13 3 32 32 10 —10 — - 42 
Butte, Mont. 33 — 29 — Zi 6 16 22 32 27 20 0 —13 —19 
Denver — 29 — 22 — 11 4 19 32 42 40 21 —?2 — 18 25 
Salt Lake City, Utah — 20 13 0 18 25 32 43 44 29 22 - 2 10 
Tulsa, Okla. 13 =— 15 6 22 32 49 53 48 37 15 13 —— * 
Phoenix, Ariz. 16 24 30 35 39 49 63 58 47 36 28 22 
San Antonio, Tex. 6 4 21 35 44 48 60 57 46 32 22 15 
Seattle 3 4 20 30 36 41 46 46 36 29 15 12 
San Francisco 29 33 33 40 42 46 47 46 47 45 38 34 
Los Angeles 28 28 3 36 40 46 49 49 44 40 34 30 
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CONCLUSION 
At the beginning of the paper, four questions were 
asked. In conclusion, it seems that the information 


contained in the paper goes far toward furnishing an 
answer to those questions. 


(1) The fuel requirements for engine-starting are 
shown to depend largely on the temperatures 
anticipated in service. These temperatures may 
be ascertained from United States Weather 
Bureau statistics and are fairly well known for 
any given locality 

(2) Two points on the standard American Society for 
Testing Materials distillation-curve seem to be 
an adequate means of specifying the fuel to 
meet given requirements; conversely, these 
points on the distillation-curve seem to deter- 
mine the temperatures at which a given fuel is 
most suitable for engine-starting 

(3) A knowledge of the fuel requirements for each 
season in any locality and two points on the dis- 
tillation-curve for a given fuel seem sufficient 
to determine whether the fuel is better or worse 
than is required for starting 

(4) If the fuel is better than that required, excessive 
evaporation-losses in production and distribu- 
tion constitute unnecessary waste. If the fuel 
is worse than that required, excessive consump- 
tion during starting seems to constitute avoid- 
able waste 

APPENDIX 


Since the method of extrapolating the equilibrium air- 
distillation data to low temperatures has an important 
bearing on the validity of the conclusions reached in the 
paper, the method used seems worthy of further explana- 
tion. For this purpose, the symbols to be used are de- 
fined as follows: 

Aand B = constants 

F = the fraction of fuel evaporated by weight; 
100 F = the percentage evaporated 


Ma = the molecular weight of air 

M; = the molecular weight of the fuel evaporated 
pa — the partial pressure of the air 

Pi the partial pressure of the fuel 


R — the universal gas constant 


TABLE S—MEAN MINIMUM TEMPERATURE IN DEGREES FAHRENHEIT IN VARIOUS CITIES OF THE UNITED STATES BASED 


FUEL REQUIREMENTS FOR ENGINE-STARTING 363 


ra =the resultant fuel-air ratio in equilibrium 
air-distillation 
& = the ratio of fuel and air supplied 
T = the absolute temperature 
V = the volume 
Wa — the weight of the air 
wy — the weight of the fuel vapor 
Applying the laws of a perfect gas to both the air 
and the fuel vapor gives 
Pa = (RT, ‘Ma V) Wa 
Pf = (RT/M;V) wy; 
If the air and the fuel vapor are at the same tempera- 
ture and occupy the same volume, 
pf = pa (Ma/Mz) - (we/wa) 
for the mixture. 
By definition, 


Ya Wr] Wa 
and a 
Therefore 
pt = pa (Ma/M?) 8+ F 
and 


log pr — log [pa (Ma/M?7) 8] + log F 
It is an experimental fact that the vapor pressure of 
a fuel is related to the temperature by 
log pp — A— (B/T) 
in the range of interest here. Combining the last two 
equations gives 
log F = A — log [pa (Ma/M;) 8s] — B/T 


It is evident that an equilibrium air-distillation curve 
(s =a constant) for any pure hydrocarbon would be a 
straight line on a log F versus 1/T graph so long as pa 
is sensibly constant. In the case of equilibrium air-dis- 
tillations performed at atmospheric pressure, p.g—= 
760 —p;. For fuel-air mixtures at low temperatures, 
p; is relatively small and pa may be considered constant. 
Likewise, M; may be considered as approximately con- 
stant since the change in percentage evaporated is very 
small. These considerations indicate that air-distilla- 
tion curves must be essentially straight lines at low tem- 
peratures when log F is plotted against 1/T (see Figs. 
6 and 7 in the text). 


ON UNITED STATES WEATHER-BUREAU STATISTICS, COVERING A PERIOD OF FROM 20 TO 50 YEARS 


City Jan. Feb. March April 
Portland, Me. 14.7 15.5 25.0 36.0 
Boston 20.0 19.7 28.0 38.0 
New York City 22.0 23.0 29.0 41.0 
Philadelphia 26.0 26.0 38.0 42.9 
City of Washington 25.7 266 388 43.3 
Norfolk, Va. 33.5 338.7 39.6 47.8 
Charleston, S. C. 428 442 50.0 56.9 
Jacksonville, Fla. 47.1 48.8 54.3 59.6 
Miami, Fla. 62.3 60.00 64.0 67.4 
Duluth, Minn. 0.5 3.9 15.6 30.4 
Buffalo 18.8 16.8 24.6 34.9 
Detroit 17.9 18.1 25.6 37.0 
Chicago 12.0 15.0 28.0 39.0 
Pittsburgh 23.4 23.0 $1.1 41.3 
Louisville, Ky. 269 282 $7.1 46.7 
Memphis, Tenn. 33.6 35.6 442 53.2 
Atlanta 35.2 36.7 43.6 61.5 
New Orleans 47.0 50.0 55.0 61.0 
Bismarck, N. D. oe 2 ae EY 133; . 335 
Butte, Mont. 14.8 15.3 21.0 29.4 
Denver 17.8 202 26.8 365.0 
Salt Lake City, Utah 2197 BS SO.7 i ee 
Tulsa, Okla. 26.3 27.3 39.2 47.8 
Phoenix, Ariz. 38.8 423 46.5 . 52.0 
San Antonio, Tex. 42.5 44.7 51.8 58.6 
Seattle 3536 WA Ws 41.7 
San Francisco 44.77 46.8 47.8 49.0 
Los Angeles 45.0 46. 48.0 50.0 


May June July Aug. Sept. Oct. Nov. Dec. 
46.4 55.2 61.5 60.0 53.1 43.2 32.2 20.9 
48.6 57.5 63.6 61.9 55.4 45.4 34.7 24.7 
53.0 64.0 70.0 69.0 61.0 50.0 37.0 25.0 
53.7 62.7 68.1 66.6 60.3 49.5 38.7 29.4 
53.9 62.9 67.6 65.7 58.9 469 36.6 28.4 


57.6 66.0 70.5 69.9 649 545 434 35.6 
65.9 723 75.1 746 70.5 60.7 50.7 44.1 
66.3 71.9 738 73.6 71.2 633 541 47.7 
70.9 743 +756 762 75.1 47.7 663 628 
39.6 482 563 56.1 48.5 38.1 23.2 9.6 
46.4 57.3 63.0 613 55.2 45.5 33.3 24.0 
48.7 58.9 62.9 612 545 440 32.4 23.7 
51.0 61.0 67.0 670 60.0 45.0 32.0 18.0 
52.3 606 649 63.1 569 460 35.6 27.1 
56.8 65.4 69.4 674 60.7 49.1 382 30.3 
61.6 69.2 725 71.0 649 541 434 36.2 
60.2 67.0 69.5 68.8 641 53.8 43.6 36.5 
68.0 74.0 75.0 75.0 73.0 640 540 48.0 
42.2 522 657.1 545 44.7 328 17.3 5.1 
36.6 48.9 498 48.9 404 323 235 16.6 
440 529 58.7 57.5 486 375 27.3 20.0 
46.6 55.1 638.2 62.5 526 42.1 32.1 25.0 
56.6 66.2 69.5 69.1 62.4 49.1 39.1 29.4 
59.2 685 76.2 75.3 68.2 55.4 450 38.5 
65.2 70.9 72.9 729 689 595 508 440 
46.7 51.1 545 547 6511 461 412 3876 
50.2 51.2 525 53.1 544 534 504 463 
53.0 56.0 59.0 60.0 58.0 540 500 47.0 
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THE DISCUSSION 


R. E. WILSON" :—We must be cautious with regard to 
the many factors that Dr. Cragoe does not include among 
the difficulties of starting. In speaking, for example, of 
fuel that would make it possible to start in Detroit at 
—24 deg. fahr., I wonder how many of our cars would 
start with that fuel on such a morning. I am sure not 
many would start. Dr. Cragoe gives us the results of 
two different engines to indicate that the other factors, 
the condition of the valves and of the oil, were not of 
much importance. That might indicate that those fac- 
tors were not important or that the factors happened to 
work in such a way as to give that result. It so happens 
that we in our laboratory have been working with an- 
other engine. Although we get similarly shaped curves, 
the results do not fit into the final correlation. That 
might be due, of course, to some other difference in the 
conditious produced by the characteristics of the engine. 

The second point is that many of the difficulties in 
starting are automatically eliminated in the Bureau of 
Standards’ method of cranking at a definite speed. The 
great trouble is to get that speed at a low temperature. 
I have had engines in the cold room that one could crank 
all day and all night at 30 or 40 r.p.m. and never make 
start. That exact proportion does not hold down to low 
rates of cranking. We must not lose sight of the fact 
that it requires more than fuel and oil. It requires a 
great many different things and, incidentally, a battery 
in which some life is left. 

P. V. ROSEWARNE”:—In connection with starting, 
since the temperatures in our locality are sometimes 
lower than —26 deg. fahr., this is an interesting point. 
Dr. Cragoe mentioned a loss in the initial point. Was 
this loss the final loss that Dr. Cragoe found at the end 
of distillation or did it include the evaporation loss that 
occurred during the distillation? 

CHAIRMAN H. C. DICKINSON” :—lIn the result that Dr. 
Cragoe mentioned the immediate curves were taken some 
time ago, partly at my request, and the method used was 
to take into account only the loss during the first 20-per 
cent distillation; in other words, the method of deter- 
mining the loss was simply to distill a certain amount, 
5 per cent, then stop the distillation, pour the gasoline 
together again, and determine the amount, so that the 
curves are correct for the loss in the initial part of the 
distillation. 

Dr. G. G. BROWN“ :—In the course of some work done 
for the Association of Natural Gasoline Manufacturers, 
results almost identical with those reported were ob- 
tained. We have a little different way of expressing our 
results and it might be of interest to state them in this 
different way. 

We have regarded the ease of starting at 80 deg. fahr. 
as the amount over on the American Society for Testing 
Materials distillation-curve at 250 deg. fahr.; at 60 deg. 
fahr., as the amount over at 200 deg. fahr.; and at about 
30 or 35 deg. fahr., as the amount over at 150 deg. fahr. 
Generally speaking, if the initial point on the American 
Society for Testing Materials distillation-curve is above 
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150 deg. fahr., it is practically impossible to start the 
engine at 30 deg. fahr. Likewise, if the initial point js 
above 250 deg. fahr., it seems to be impossible to start 
the engine at 80 deg. fahr. 

These results seem, in a general way, to be similar to 
the report by Dr. Cragoe. We also find that if 20 per 
cent of the fuel is distilled over at these temperatures, 
the engine can be started without choking, indicating 
that certainly not more than 20 per cent of the fuel is 
actually vaporized when the engine is started, even with- 
out the use of the choke. I believe that approximately 
the same per cent was given by Dr. Cragoe. The 90-per 
cent point and the end-point have nothing whatever to 
do with ease of starting, as is frequently assumed. 

W. G. WALL” :—I should think from what Dr. Brown 
says, that different types of carbureters should be taken 
into account. The starting problem certainly is not a 
secondary one with the public on these cold mornings, 
especially when the cars are kept in cold garages. One 
reason is that they do not know all the advantages of 
the antiknock idea and starting is a very live subject 
with them. 

Each of these principles has many branches. I re- 
member figuring these out at one time and counting 
about 30 different factors that affected the possibility of 
starting the engine. The three principal ones are, of 
course, (a) the end-point of gasoline, by which is meant 
the volatility; (b) the capability of the engine to hold 
compression, which in time will turn it over; and (e) 
the pressure required to turn the engine over. The com- 
pression is due, of course, to several factors. One re- 
markable thing is that the cylinder of an engine always 
seems to become cold more quickly than the piston. 

One would think that, in the course of these 12-hr. 
standings, there would be practically no difference. Evi- 
dently there is some difference. If kerosene were put 
into an engine and the engine were allowed to stand for 
12 hr. in a very cold temperature, cranking, insofar as 
the crankshaft, the connecting-rod and the main bear- 
ing are concerned, would be difficult, whereas otherwise 
it would be fairly free, that is, if the clearance were 
0.002 or 0.003, and not over 0.004 in. I am assuming 
now that cast-iron pistons and bearing-caps and steel 
rods are used. If aluminum or duralumin is used the 
results are more pronounced. 

After allowing an engine to stand for about 2 hr., we 
shall find that, regardless of what care we may have 
taken to see that the oil is in no way responsible, the 
bearings evidently are tight and that the only real 
solution seems to be that the temperature of the bearing- 
cap must be lower than the shaft itself. The viscosity 
of the oil, of course, makes a great difference in start- 
ing. If the oil is too much diluted, we do not get com- 
pression; on the other hand, if the viscosity is very high, 
it is very difficult to turn the engine over. 


H. C. Moucey”:—From a practical standpoint, what, 


is the lowest speed at which an engine can be started 
with normal fuel in zero weather? Mr. Wilson has said 
that 30 and 40 r.p.m. is too low. Is that true of all en- 
gines or is a higher engine-speed required to get the 
engine started? 

J. O. EISINGER:—We have not carried out the test far 
enough to cover that condition. Our laboratory was not 
equipped to make tests at cranking-speeds below 80 r.p.m. 

O. C. BeRRY”:—We have run tests that I think will 
answer in part the questions that have been asked. One 
of the main things that limit ability to start at low rates 
of speed, when the engine is very cold, is the design of 
the carbureter and its ability to give an extra-rich mix- 
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ture at very low rates of flow. Some carbureters, when 
they are in a starting condition with the choke or control 
held clear out, will give only three or four times the 
normal amount of gasoline at an air-flow of 10 lb. per hr. 
Other carbureters of the same make but of slightly dif- 
ferent proportions may give 15 or 20 times the normal 
amount of gasoline at the same low air-rate. The car- 
bureter manufacturer must bear these things in mind 
in designing a carbureter. That is the thing which 
makes it easy to get rich mixtures started and difficult 
to get high power and high speed. So a compromise 
must be made. 

One of the reasons that it is easy to start a car, while 
it is being towed, as compared with starting it at other 
times, is that, when it is being towed, all the electrical 
charge is concentrated on the point to give a spark, 
whereas, if the same battery were used for turning the 
engine over that is used for ignition, the potential is 
not sufficient to produce a spark. The reason the engine 
does not start is not that the carbureter is not function- 
ing, or that the mixture is not right, but that there is 
no spark. 

C. T. COLEMAN“:—The same question Mr. Wilson 
brought up applies to the engine. The popular idea 
seems to be that, when the valve is over the engine, the 
engine will start more easily than when the valve is on 
the bottom. 

Mr. EISINGER:—It is the general belief that engines 
with overhead valves start more quickly. Our tests hap- 
pen to have included both poppet-valve and overhead- 
valve engines, and we obtained the same performance 
from both. 

A. L. NELSON”:—Since the time element enters into 
vaporization, would not drivers in general benefit by 
allowing a little time to elapse after each pressing of the 
starter button so that a little vaporization can take 
place? That would help the starting-characteristics. 

CHAIRMAN DICKINSON :—The point raised by Mr. Wil- 
son is very important. I do not think it is altogether fair 
to assume that the paper which Dr. Cragoe has given 
was intended to cover the entire problem of starting. 
That is out of the question. The mechanical condition of 
the engine is of the utmost importance. The research 
presented by Dr. Cragoe shows the responsibility of the 
fuel for starting. It has been based tentatively on the 
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assumption that the engine was reasonably tight me- 
chanically, so that there was not excessive leakage of 
fuel past the rings or any disturbing factor in the con- 
dition of the engine that interfered with its proper 
operation and that the speed of cranking was sufficient 
to lift the fuel from the carbureter into the cylinder. If 
the speed of cranking is so slow that the gasoline sup- 
plied by the carbureter does not reach the manifold and 
the cylinder, this, of course, imposes a limitation for 
which the fuel is not responsible. In other words, I be- 
lieve it is fair to say that, if a car does not start, with 
the fuels calculated on the basis as presented, the fault 
is not primarily with the fuel but with something else. 

QUESTION :—What, in your opinion, should be done to 
the Government specifications for motor gasoline to as- 
sure getting a satisfactory gasoline? 

CHAIRMAN DICKINSON :—That is a rather large ques- 
tion. The first thing studied was the upper end of the 
distillation curve. That is typically represented by the 
90-per cent point. The 90-per cent point of Government- 
specification gasoline is a compromise and is based 
largely on what has been shown by general experience. 
It gives a gasoline that, on the average, is pretty satis- 
factory and causes little complaint. It is not as good as 
it might be, particularly in cold weather, but, as a single 
specification, probably meets the situation fairly well. 
That is partly attested by the fact that probably 80 or 
90 per cent of the gasoline marketed throughout the 
Country, without regard to Government purchase, is so 
adjusted as to meet this specification. 

So far as starting-characteristics are concerned, the 
Government specifications mean practically nothing. A 
survey of the gasoline marketed, as made by the Bureau 
of Mines, shows that practically all the gasolines mar- 
keted at the present time are distinctly better at the 
lower end than is required by the Federal specifications. 
In other words, the specifications do not assure a satis- ° 
factory starting gasoline, and we are not purchasing a 
gasoline as bad as could be supplied under those speci- 
fications. 

So far as the intermediate points of the curve are 
concerned, that is something that we shall know more 
about, I hope, in another 6 months or a year. One rea- 
son that I desire to demur to Mr. Mougey’s question is 
that he specified a commercial gasoline, and commercial 
gasoline is something that we know nothing about. So 
far as detonation is concerned, it may be almost anything 
within the widest sort of range. 


ARMY MOTOR-VEHICLE REPAIR-SHOPS 


ESPITE greatly reduced personnel, shortage of funds 
for the procurement of repair parts and materials, and 
an increased age of vehicles and tools and shop equipment, 
the motor-vehicle repair-shops of the Quartermaster Corps 
exceeded by 417 vehicles in 1926 the output of the previous 
year. Camp Holabird led in the production of complete 
vehicles, while at Camp Normoyle the output of unit assem- 
blies was the greatest of the army shops during the year. 
In the last 6 months of the year the four principal repair- 
shops operated without civilian mechanics. The previous 
year the shops had skilled civilians as key-men in all de- 
partments, which not only increased the number of mechanics 
in the shops but also assisted materially in the instruction 
of soldier apprentices, who form a large part of the produc- 
tion force. 
Practically the entire month of July was spent by the 


shops in overhauling shop equipment. The lathes, presses 
and other machines, together with the hand-tools, had been 
in constant use for approximately 9 years, and a general 
overhauling was necessary. The introduction of an entirely 
new system for maintaining vehicles, by the substitution of 
complete unit-assemblies, also took some time and necessi- 
tated a complete readjustment of shop routine and depart- 
ment arrangement. 

Not only were the civilian employes taken from the 
shops, but their wholesale discharge in the supply depart- 
ments occurred. Enlisted clerks, typists, inspectors, and 
storekeepers had to be broken-in on the work formerly done 
by the civilians. The change-over was accomplished with- 
out any material hold-up in requisitions, which is to the 
credit of the high morale and organization of the motor- 
transport depots.—U. S. Army Speedometer. 
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By Avovpx Ronreacu! 


/ QHE discussion following the presentation of this 
paper at the Aeronautic Meeting of the Society in 
Philadelphia last September was entirely oral, be- 

ing constituted of the remarks made by the various 
members from the floor. In accordance with the usual 
practice, a copy of the complete report was sent to the 
author for such replies as he cared to make to the points 
raised in the discussion and each speaker received an 
edited transcript of his remarks for correction before 
publication. 

For the convenience of the members an abstract pre- 
cedes the discussion so that those who desire to gather 
some knowledge of the subjects covered without refer- 
ring to the January, 1927, issue of THE JOURNAL, in 
which the paper and illustrations were printed, can do 
so with the minimum effort. 


ABSTRACT 


EDUCTION of cost and of the time required to 

construct airplanes and seaplanes by applying so- 
called shipbuilding practice to their fabrication, em- 
bodying late types of production methods, are discussed 
by the author, who says that the company he repre- 
sents adheres to a number of technical principles to 
reduce to the minimum the risk of designing and con- 
structing new types. The technical principles refer to 
general arrangement and to layout, as well as to the 
detail design of many parts of the planes. They in- 
clude also very careful and minute preparation for the 
actual workshop construction by the supplying of per- 
fect workshop-drawings and by proper organization of 
the technical departments. The paper outlines the 
technical principles, including reasons for their adop- 
tion, and then describes the organization of the work of 
construction. 

Wing-loading and power-loading are discussed, and 
the statement is made that the company builds mono- 
planes only. The reasons therefor are explained and 
the considerations that influence the determination of 
the right type of flying-boat system are presented. 
The advantages and disadvantages of side-by-side pro- 
pellers and of central-tandem propellers are stated and 
wing construction is described, together with the design 
of the hull for flying-boats. The differences in airplane 
compared with seaplane construction are outlined, and 
details relating to the drawings, jigs and fixtures are 
included. In regard to the time required for the produc- 
tion of a new type, a flying-boat for which, the de- 
sign was begun about Feb. 15, 1926, was ready to fly 
in the last days of June, 1926. 

The discussion emphasizes the importance of stand- 
ardizing airplane-sections and reducing the number of 
man hours of labor involved in putting them together, 
bringing out also that the commercial airplane is a 
machine that is designed to support itself in the air 
financially. Other features included are criticisms of 
the Rohrbach construction and outlines of desirable 
future policies and practices. 


1 Rohrbach Metall-Flugzeugbau, Berlin, Germany. 


2M.S.A.E.—Assistant Secretary of the Navy, for Aeronautics, 
City of Washington. 

3M.S.A.E.—Vice-president, general manager, Stout metal airplane 
division, Ford Motor Co., Dearborn, Mich. 


Airplanes and Seaplanes 
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THE DISCUSSION 


Hon. E. P. WARNER’:—I am sorry that it has not been 
possible for more of the technical personnel of the Navy 
to be here, because the subjects on which Dr. Rohrbach 
touches, those relating to all-metal construction, are of 
vital concern at present in all countries, here as well as 
in Europe. The application of metal construction to hull 
design in particular has been studied along somewhat 
different lines by a number of different manufacturers 
in Europe and by the Naval Aircraft Factory and some 
private manufacturers here. I will not undertake to 
discuss the technical aspects of the paper, but I wish to 
express My own conviction that the point of economy, 
which has been so emphasized, is one of extreme impor- 
tance. While, in airplane design, we can afford to pay a 
much higher price than in any other type of engineering 
structure for a saving of weight and for an increase of 
efficiency, it is at the same time of the utmost value that 
we try to develop methods of construction, and especially 
of metal construction, which almost inevitably adds con- 
siderably to the cost, that will make it possible to 
standardize sections and to reduce the number of man 
hours of labor involved in putting them together. Effort 
is now being exerted in this Country to that end and we 
should, while continuing to work on our own account, 
derive all possible advantage from what is being done 
abroad. 

W. B. Stout’:—The very great progress that has been 
made abroad in this type of construction is obvious and 
also the real contribution that Dr. Rohrbach has made to 
the art, not only in the manufacturing end but in the 
actual operation of his airplanes and seaplanes abroad. 

I question the desirability of talking cost at this stage 
of the development of the art. We had considerable dis- 
cussion with the engine manufacturers as to whether we 
should start in to build a cheap engine or whether we 
should first get the result and then learn how to cheapen 
afterward. Today, abroad, they ride motorcycles because 
a motorcycle can be built more cheaply than an automo- 
bile. Over here, we ride motor-cars because we can build 
a motor-car more cheaply than we can build a motorcycle, 
because of the small number of motorcycles made. So, 
the final answer as to the cost of any product is more a 
question of quantity than it is of design and, as quantity 
increases, production methods force us by gradual devel- 


opment, as has been shown, to cheaper ways of doing the» 


thing that at first was expensive. Therefore, the things 
that look to us very expensive in metal construction we 
will do for a few cents instead of many dollars after we 
have done these things over and over enough times to 
learn the short cuts. 

We have had a number of examples of that in our own 
work in metal construction where we have considered 
the different stages, using rectangular wings and doing 
things of that kind, which obviously can be made very 
much more cheaply, but we have preferred to develop the 
product rather than to change the fundamentals of the 
airplane itself. An example of that is the rectangular 
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ALL-METAL AIRPLANE AND SEAPLANE PRODUCTION 
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wing. I think aeronautic engineers will agree that a 
tapered wing will save one aspect-ratio in the span of the 
airplane. In the land airplane, where the amount of 
space required is important if operating an air-line, then 
there might be an advantage in a small-span wing that 
would more than offset a few dollars of extra cost; but it 
really goes farther than that. For those of us who are 
operating air-lines—and I think every man who is build- 
ing airplanes should operate an air-line so that he will 
learn what airplanes are for—and operating airplanes 
every day in all kinds of weather, we learn that an air- 
plane is not something to fly around the field with, and 
that a commercial airplane is not “just a flying-machine.” 
The commercial airplane is a machine that is designed to 
support itself in the air financially. 

Aside from the mechanical aspects of the problem, 
which we handle, there is not a man present who has yet 
learned how to make an airplane that will support itself 
fnancially in the air under ordinary conditions, and 
that is the problem that is ahead of us. When we con- 
sider that 1 lb. of pay load in an airplane is worth 10 
cents per hr. for a 10-hr. day, for if we are not able to 
operate 10 hr. per day we will not make money, we will 
see that the elimination of 1 lb. from that airplane is 
far more important than the elimination of $1 or $100 
in cost. So, when we get down to the basis of cost of 
carrying that extra pound around, we will not worry 
about the first cost of that airplane but we will worry 
about the dividend that the airplane pays. No matter 
what the cost is, the man who buys the machine wants to 
know what percentage it will pay on his investment. We 
know we can solve the engineering problem but, until 
we get the pay load and drag pay loads around instead of 
tinware and radiators and other things, we will not get 
an airplane that will pay a dividend, and if it does not 
pay a dividend the banker is not interested. After all, 
the banker is the man that must be satisfied. 

The point I wish to make is that, while great work is 
going on and great work has been done, we must face 
the problem as it is and look at it as it is. I have often 
said that the man with a swelled head is the man who 
comes to the point where he cannot criticise his own 
work. I do not mean that he is not a good man, but he 
cannot see his own mistakes. Unless we in the industry 
can see our faults and see clearly the thing that we 
must make, we will arrive nowhere. We must double our 
pay loads per dollar and double the number of hours per 
day that we can operate each airplane safely before this 
problem will be solved. I believe that almost our entire 
thought must be concentrated now, as it has been, on 
engines. First, aim to obtain performance and, when we 
get engine performance, then we can show also an air- 
plane that can support itself financially in the air. Then 
the industry will be supported on its own wings. 

W. H. BARLING‘:—We would like to have more infor- 
mation on this Rohrbach machine. For example, what is 
the camber of the wings; that is, how thick are they in 
comparison with the wing chord? What is the weight 
per square foot of the wings? It seems obvious that, 
since they are using flat sheets, the sheet must be very 
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thick. If thick flat sheets are used, up goes the weight. 
It seems to me that this Rohrbach type is very heavy. 
Therefore, we would like to have exact information on 
that. To my mind the claimed accessibility for inspec- 
tion offers a certain amount of doubt. We have been 
shown holes for providing accessibility for inspection 
purposes, but I believe a person of average size could not 
crawl into them. There seems to be a general absence of 
data as to dimensions throughout the paper; any kind 
of an appendix which we could have from Dr. Rohrbach, 
giving maximum thickness of sheets, the wing section, 
the weights, and that sort of thing would make the paper 
even more valuable than it is now. 

W. L. LEPAGE’ :—In thinking about metal construction, 
two very important features come to my mind, and it 
seems that they should be emphasized. The first is that, 
in metal construction, we probably have a means whereby 
the cost of construction for airplanes in large quantities 
can be reduced because jigs and dies for metal construc- 
tion can be made more simply than similar jigs and dies 
for wood construction, and parts can be turned out on 
a production basis. The second feature is that in metal 
we have a material the physical features of which we can 
determine more accurately than we can those for wood, 
because wood is more subject to outside influence, such as 
weather and the way in which it is worked up in the 
manufacture of an airplane, than is metal. Metal changes 
its physical properties under use and under manipulation, 
but it seems to me that we can determine those changes 
and know exactly where we are in working with metal 
to a very much greater extent than we can with wood. 

H. F. PITCAIRN*:—Regarding the permanency of metal, 
steel is permanent and some other metals are permanent. 
However, there is a question as to duralumin. I have 
not made a deep study of it, but I understand that cer- 
tain changes continue to take place in duralumin for a 
year or so, and it is not really certain yet as to just what 
changes do take place and as to whether, in two different 
pieces of duralumin, the same changes take place. So I 
raise the question as to whether, after 2 years, we know 
any more about the condition of the internal structure 
of duralumin than we do of wood. 

R. H. DEPEW, JR.’:—Has anyone any reliable informa- 
tion as to means of preventing corrosion in duralumin 
hulls due to use in salt water, particularly in relation to 
the rivets that are used ordinarily to attach the sheets 
to the frames? It is not true in fresh water but, in salt 
water, our own experience shows a certain amount of 
corrosion. It is possible that there may be some sort of 
varnish that can be used to protect the hull better. 

DONALD’ A. HALL*:—I have had some experience with 
duralumin in salt water, and we have not been troubled 
with corrosion. We coated the duralumin with a hard 
grease, and have had no difficulty. 

Mr. PITCAIRN:—I did not raise the question of the 
permanency of duralumin with reference to corrosion, 
because methods of coating undoubtedly can be found 
that will constitute sufficient protection from corrosion. 
It is chemical changes in the structure of duralumin to 
which I refer, and they are very important if we are to 
depend upon duralumin. The breaking of metal propel- 
lers has shown that metal will break as well as wood. 

R. W. A. BREWER’:—How are thin sheets riveted so 
that the plates do not buckle? 

RALPH H. Upson”:—We have been using 0.008-in. 
sheets for the most part in all-metal airship-building. 
The solution of that problem has been rather simple in 
its general principles. We tried first to work it out 
with the sizes of rivets and riveting equipment that 








Vol. NX March, 1927 No. 8 


eeeEOEOEEeEe———————————————eeeeEeEeEEEE—————————————————————————————————————————————————————— 





368 THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 





prevailed at the time and failed. However, when we 
chose rivet sizes, spacing and pressures that were in 
proper proportion to the thickness of the material, we 
had very good success. That has necessitated the use 
of riveting machinery that is much more nearly auto- 
matic than anything that had been used hitherto. We 
developed a machine to join up the 0.008-in. sheets which 
puts in 12 rivets per in. and does it automatically by a 
progressive process similar to that of a sewing machine. 
The diameter of the rivets is about 0.04 in. There are 
three rows of rivets, all compressed into a 7/16-in. width 
of seam. 

Mr. BARLING :—Are they heat-treated? 

Mr. Upson :—The rivet material is a heat-treated modi- 
fied alloy that has been worked out by experiment as 
having just the right consistency to give the proper size 
of head and other desired characteristics. 

Mr. BREWER:—Do I understand that the diameter of 
the rivet is about five thicknesses of the plate? 

Mr. Upson:—Yes. The ideal diameter would be some- 
what less. We have admittedly compromised to a certain 
extent. The best steel practice uses rivets, I believe, 
that are between one and two times the thickness of the 
plate. We have used a somewhat larger proportion on 
account of the difficulty of working with such very small 
dimensions, but we have kept within the portion where 
the curve of efficiency is somewhat flat. At much beyond 
that diameter, an excessive width of seam is required. 
For example, we experimented with rivets around ‘x, 
3/32 and down to 1/16-in. diameters. Of these, the 
1/16-in. rivets alone produced even a fairly good job, 
while the ones we use are materially better. The 3/32- 
in. rivets gave very poor results. 

CHAIRMAN ALEXANDER KLEMIN":—We would like to 


"M.S.A.E.—Associate professor of aeronautics, New York Uni- 
versity, New York City 
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know whether Dr. Rehrbach and his engineers have come 
to the definite conclusion that they can supersede fabric 
by the use of sheet-metal covering without unduly jp. 
creasing weight. Also, when he is designing his girders. 
whether he reckons in the skin as part of the structura| 
elements of the weight. That is a problem which has 
agitated us for many years and, since they have experi. 
mented so long and so earnestly, that is something upon 
which we would like to have the author supply additiona] 
information. 

I notice in the paper that the loading of some of these 
flying-boats runs up to as high as 14 lb. per sq. ft. That 
seems to be an almost indefensible loading even for a sea- 
plane. I notice also that the climbs dropped and the 
speeds increased from something like 110 m.p.h. to 139 
m.p.h. I do not know but that it is too much to pay for 
this increase in speed by loading to figures that seem 
to me almost dangerous. 

Further, I notice something that, to me at least, is 
peculiar, the combination of a large hull with two large 
floats. We are accustomed to a large hull with two wing- 
tip floats, and we are accustomed to a hull in which the 
sponsons are used to stabilize, or to a hull in which the 
sponsons become wings. 

It would be interesting to know the actual cost of the 
Rohrbach construction. If we knew what some of these 
flying-boats actually cost, either in man hours or in 
marks, we could arrive at some conception as to how low 
costs could be made on this difficult type of construction. 
I notice also in the paper that Dr. Rohrbach claims that 
he can increase the dihedral angle and thereby increase 
the lateral maneuverability. My conception of the dihed- 
ral angle is that it constitutes a step toward the increase 
in lateral stability but not toward the increase of lateral 
maneuverability. That point is dealt with so briefly in 
the paper that it needs further elucidation. 


NATURAL-GAS GASOLINE PRODUCTION 


gy tow production of raw natural-gas gasoline in the United 
States in 1925 amounted to 1,127,470,000 gal., an increase 
of 193,609,000 gal., or 21 per cent, over the output in 1924. 
Of the total output in 1925 716,940,000 gal., or 64 per cent, 
was reported as being blended at refineries; 110,163,000 gal., 
or 10 per cent, was turned into pipe lines and was run to 
stills; 40,000,000 gal., or 3 per cent, was blended at the 
plants; and 1,000,000 gal, was added to storage; leaving 23 
per cent for losses and possible quantities not accounted for. 
The total percentage lost between the plant and the con- 
sumer is usually estimated as between 20 and 25 per cent. 
All the States, with the exception of Louisiana and those 
in the Appalachian area—New York, Ohio, Pennsylvania, 
and West Virginia, increased their output over 1924. De- 
clines in the supply of gas were responsible for the de- 


creased production in the States named. In the Appa- 
lachian States the decline was natural, whereas in Louisiana 
it was artificial through State regulation. Oklahoma re- 


tained her rank as the chief natural-gas gasoline producing 
State by virtue of a 30-per cent gain in output. California, 
ranking next in importance, also registered a 30-per cent 
gain over 1924. 

Stocks of raw natural-gas gasoline at the plants at the 
beginning and end of the year amounted to 14,236,000 and 
15,320,000 gal. respectively. This indicates an addition to 
stocks during the year of slightly over 1,000,000 gal. 

The total amount of natural gas treated during the year 


1925 was about 1,040,000,000,000 cu. ft. This is 88 per cent 
of the total consumption of natural gas, as compared with 
89 per cent in 1924. The average yield per 1000 cu. ft. was 
1.1 gal., which is a gain over 1922, 1923 and 1924 of 0.2 gal. 
Improvements in extraction methods and the necessity for 
complete utilization of all sources of gas to supply demand 
had their full effect in 1925 and were mainly responsible for 
the increase in yield. Of all the producing States Oklahoma 
made the greatest gain in recovery, its yield per 1000 cu. ft. 
increasing from 1.7 to 2.0 gal. In the natural-gas gasoline 
industry, as in the refinery industry, the tendency toward 
the consolidation of plants in the hands of the larger com- 
panies and the construction of plants of larger capacity is 
growing. 

As in 1924, a distinct tendency to abandon the compression 
process or to supplement it by the absorption or charcoal 
processes was noted. Compression plants in the United 
States decreased by 66 in 1925; charcoal plants increased 
from 12 to 16, whereas absorption plants or those combin- 
ing the absorption process with compression or charcoal 
processes increased by 47. Many of the compression plants, 
however, were in the Appalachian area and were abandoned 
or converted because of failing supplies of gas and not as 4 
result of defects of the compression process. Plants using 
compression only in 1925 produced 21 per cent of the total 
output, as compared with 28 per cent in 1924.—G. R. Hop- 
kins in a Bureau of Mines Bulletin. 
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General Results of the Cooperative 
Motor-Truck Impact-Tests 


By JAMES A. BucHANAN! AND J. W. RE tp? 


—_—— 


HE discussion following the presentation of this 

paper at the Semi-Annual Meeting last June was 

constituted in part of written contributions that 
were read and in part of remarks made by those present 
from the floor. An opportunity was afforded the author 
to submit written replies to the points made in the dis- 
cussion of the paper and the various discussers were 
also given a chance to correct their remarks before pub- 
lication. 

For the convenience of the members an abstract of 
the paper precedes the discussion so that those who de- 
sire to gather some knowledge of the subjects covered 
without referring to the complete text as originally 
printed in the June, 1926, issue of THE JOURNAL, can do 
so with the minimum effort. 

ABSTRACT 

OUFFICIENTLY accurate data having been obtained 

S in 1924 to warrant proceeding with the extensive 

program of cooperative motor-truck impact-tests 

mapped out, authorized and instituted the preceding 
year, the tests have since been completed and the data 
therefrom made available in standardized final form 
under the direction of a joint committee representing 
the Bureau of Public Roads, the Rubber Association of 

America and the Society. The primary objects of the 

investigation the determination of cushioning 

effect as influenced by the various tire, truck and road 
factors and the determination of road stresses as influ- 
enced by motor-truck-wheel impact, but it is the first 

of these objectives on which the major effort has been 

expended to date and to which the paper.is confined. 

After several cautionary explanations of the exact 
meanings and limitations of terms and procedure, the 
authors state eight preliminary deductions drawn from 
present available data before proceeding with their dis- 
cussion of the mode of static and of impact-test accom- 
plishment, and give a subsequent description of the 
accelerometer used, supplemented by details of acceler- 
ometer calibration and verification. An outline of the 
equipment utilized and of the actual road-conditions is 
presented and the artificial obstructions employed for 
producing impact force are specified. 

The illustrated analysis given of the data obtained 
includes details of the highway and of the obstruction 
tests; a statement is made of the effects produced by 
the different types of tire equipment and those due to 
the kinds of truck, their size and the number of wheels 
with which they are equipped, and a series of miscel- 
laneous observations having to do with unsprung- 
weight, tire compounding, front-wheel equipment, load 
distribution, speed, duration of impact, and the like is 
appended. In conclusion, an outline of proposed future 
work along these lines is stated. 


THE DISCUSSION 


B. Lirsowitz’:—A comprehensive series of impact- 
test results has been presented by the authors of the 
paper, but the data should be interpreted with the test 
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conditions and with the instrumentation characteristics 
in mind. For instance, in nearly all cases, the “shock” 
or primary impact in striking a bump is found to be 
less than the “drop” or secondary impact when the wheel 
meets the road after completing its-trajectory. In con- 
sidering this result, it should be remembered that only 
the vertical road-reactions were measured; but, to ob- 
tain a complete picture of the relative intensities of 
“shock” and “drop,” it is necessary to determine the 
longitudinal road-reaction values also. This same re- 
mark applies to all the results presented to show the 
influence of unsprung-weight and of speed. For exam- 
ple, while there are indeed conditions in which, with 
flexible tires, a large unsprung-weight contributes to 
riding-comfort, there is not sufficient evidence for the 
statement that “from a cushioning viewpoint, the com- 
bination of a low-pressure balloon or underinflated pneu- 
matic-tire, a relatively heavy unsprung-weight and a 
comparatively flexible truck-spring might substantially 
eliminate all but the most severe road roughness.” 
Measurement of longitudinal-shock components might 
tell a different story, at least under some conditions. 

Speed and unsprung-weight are factors in which the 
engineer is vitally interested and they are also factors 
which bear on the characteristics of the accelerometer 
used, for they both affect the “frequency” or period of 
the shock, and the accelerometer calibration is a function 
of the period of the impressed force. Obviously, the 
same is true of tire equipment. The significance of the 
curves and of the comparisons given depends, therefore, 
on the accuracy with which the accelerometer calibra- 
tion-factors have been determined and applied. 

While the accuracy of individual determinations prob- 
ably is within 10 per cent on drop, as stated by the 
authors, the limitations of error under shock conditions 
are not so definite. It is entirely possible for the shock 
error to be larger at lower speeds than at higher speeds, 
under certain conditions; and the absolute magnitude 
of this error may, at times, be greater than or less than 
the 10 per cent, the 15 per cent or the 20 per cent indi- 
cated by the authors. 

The calibration factors for this instrument were deter- 
mined mainly from space-time curves, the double dif- 
ferentiation of which is a mechanical process of doubtful 
accuracy. But here, again, the conditions on drop are 
much more favorable than on shock, and the 10-per cent 
accuracy claimed by the authors on drop apparently has 
been attained. Under the circumstances, this accuracy is 
very good; but, in viewing the curves and comparisons 
presented, the possible influence of a 10-per cent error 
on the results should be kept in mind. 

With this understanding, the results presented on drop 
are a valuable contribution to our knowledge of road- 
impact forces. The shock results, however, must be re- 
garded as doubtful; first, because of the possibility of 
large errors and, second, because they are incomplete 
without longitudinal measurements. Also, very careful 
thought should be given to the interpretation of drop 
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results in the absence of corresponding accurate and 
complete shock determinations. 

The characteristics of the spring-weight accelerome- 
ters employed in these tests are brought out by methods 
of analysis such as are used by the National Advisory 
Committee for Aeronautics‘ or in my analysis of the 
Norton accelerometer’. The analysis used by the Com- 
mittee fails to consider the forcing action of the damping 
friction on the inertia element, when damping is em- 
ployed. But, since the accelerometer used by the Bureau 
of Public Roads is practically undamped, that analysis 
would be applicable for zero damping. 


ACCELEROMETER THEORY FOR “SHOCK” CONDITIONS 


For present purposes, a brief outline of the theory of 
the accelerometer used by the Bureau of Public Roads, 
for shock conditions, will be sufficient, since the analysis 
for drop conditions is practically the same. 

In general, the impact of a wheel striking a bump can 
be divided into three stages as described in my paper 
on the Dynamics of Vehicle Suspension’. However, a 
more approximate expression can be utilized for present 
purposes. The impact begins with zero displacement, 
zero velocity and zero acceleration vertically. The ac- 
celeration rises to a maximum and then falls off to zero. 
The simplest expression to fit these facts is 


x —A (pt—sin pt) (1) 
where 
A = the amplitude 
p — the “frequency speed” of the impact 
t = the time 
x = the vertical wheel-displacement 








Fig. 1—CONDITIONS AT THB START OF AN IMPACT 
The Impact Begins with Zero Displacement, Zero Velocity and Zero 
Acceleration Vertically 


We shall use Equation (1) as a first approximation of 
the wheel motion. The conditions at the start of such 
an impact are shown in Fig. 1, in which 

d = the horizontal distance from the bump to the pro- 
jected center of the wheel 
h = the height of the bump 
r = the radius of the wheel 
For small bumps, 
d= V (2rh) (2) 

If v is the forward velocity of the vehicle, the time 

T required to travel the distance d is 
T—d/v 
= V(2rh)/v (3) 

It is clear that the shock interval must be less than 2T. 
Under some conditions, it may be less than T. At any 
rate, we may take T as representing the correct order of 
magnitude of the impact interval and say that 

p — @/bT (4) 
in which b is a factor greater than zero but less than 2 
and generally will lie not far from unity. It should be 





*See National Advisory Committee for Aeronautics Technical 
Report No. 100. 


5See THE JOURNAL, December, 1924, p. 558. 
*See S. A. E. BULLETIN, May, 1916, p. 158. 
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noted that b is a function of the speed, the unsprung- 
weight, the tire equipment and the shape of the bump. 
The differential equation of the motion y of the ac- 
celerometer weight is, 
m (d’y/dt*) + ky = kA (pt —sin pt) (5) 
in which 
k = the stiffness of the spring 
m = the mass of the accelerometer weight 
The solution of Equation (5), subject to assumed in- 
itial conditions of rest, is 
y = (p/@) [p’A/(q° — p*)] sin qt — q’A/(q’ — p*) 
sin pt + Apt (6) 
in which 
q= V(k/m) =the “frequency speed” of the spring- 
and-weight combination 
Denoting the record of the instrument as R, we have 
R= y—¥v27; that is, 
R = [p*/(q’ — p*)] A [(p/Q) sin qt — sin pt] (7) 
Using n to denote the ratio of the period of the im- 
pressed force to the period of the instrument, we have 
n=q/p. Then 
R = [A/(n*—1)] [(1/n) sin qt — (sin q/n) t] (8) 
The maximum value of Equation (8), that is, Ring, 
is taken as the measure of acceleration. Obviously, it 
is a function of n, the period ratio, unless n is large, 
When » is large, Equation (8) takes the form 
R = — (p’A/q’) sin pt . (9) 
= a/q 
or a=qR, where a = —p’ A sin pt is the acceleration 
to be measured. Hence, in an ideal instrument of this 
kind, the calibration factor is q’ = k/m and is indepen- 
dent of n, if n is large. 
The value of R is maximum when 
cos qt — cos (q/n) t= 0 (10) 
that is, when +qt = (q/n)t+2hz, the symbol h being 
an integer; or, when gqt—2nhzr/(n+1). 
Substituting in Equation (8), we have 


Rmar = {A (n*—1) | (1/n) sin [2nh7/(n + 1)] — 
sin [2h7/(n + 1)] 
— A/(n?—1) | = (1/n) sin [2h7/(n + 1)] — 
sin [2hr™/(n+1)] } 
= — A/(n’?—1) ; [(n+1)/n] sin [2h7/(n = 1)}} 
or 
Rmaz = [—A/n (n = 1)] Bin [2h7/(n + 1)] 


- [— p*A/q (q = p)] sin [2h7/(n + 1)] (11) 
Selecting such sign and such values of h as will make 
the derivative of Equation (10) negative, and such as will 
yield the highest maximum, Equation (11) gives the 
maximum value of the instrument record in terms of the 
forcing amplitude and the period ratio. But the maxi- 
mum acceleration, @mnar, equals —p’A; hence, 
1)] { Rmas (12) 
The expression between the braces is the calibration 
factor of the instrument. The ratio of this expression 


to the calibration factor of an ideal instrument is, ac 
cording to Equation (9), 


amar = q (q= p)/sin [2h7/(n 


[(v = 1)/n]/sin [2h7/(n + 1)] (13) 
or, since h = 1 usually will suffice, 
[ (m= 1)/n]/sin [27/(n + 1)] (14) 


Expression (14) shows the change in calibration fac- 
tor for change in frequency of impressed force. For 
small values of n, such as frequently were employed by 
the Bureau of Public Roads in these tests to obtain rea- 
sonably large deflections, the function changes rather 
rapidly. If Expressions (13) and (14) are considered 
in connection with Equations (3) and (4), the depend- 
ence of the calibration of the instrument upon speed, 


wil 
me! 
bin 
ma 
con 
elit 
are 
rou 
tho 


the 
fou 
in 

wh 
pne 


tir 
8-i: 
pre 
20 

tot 
wa 
spr 
spr 
ft. 

wa 
spl 


sp! 
reé 
as 

oth 
in| 
an 
ing 
thi 


tre 
see 
ch: 
cel 


thi 
de 
tir 
in 
a) 
ra 
es! 
log 


tir 


In 


13) 


14) 
fac- 
For 


rea- 
her 
red 
ond- 
eed, 


Vol. XX 





unsprung-weight and tire equipment is brought out for 
shock impacts. A similar relation holds true for drop 
impacts. 

It is perfectly possible, at least in theory, to calibrate 
the instrument by making separate determinations of 
impact period, or the equivalent. Apparently, this has 
been done successfully for drop impacts; but the vari- 
ables for shock impacts seem to me to be too many and 
too large to permit a satisfactory execution of this pro- 
cedure. 

JAMES A. BUCHANAN:—1in reply to Mr. Liebowitz, I 
will read a paragraph from the paper. We said: “It is 
mentioned that, from a cushioning viewpoint, the com- 
bination of low-pressure balloon or under-inflated pneu- 
matic-tire, a relatively heavy unsprung-weight and a 
comparatively flexible truck spring might substantially 
eliminate all but the most severe road roughness.’ We 
are not saying that the combination does eliminate all 
roughness. We are offering the suggestion to stimulate 
thought on this subject. 

QUESTION :—The paper mentions that the impact on 
the six-wheel truck was considerably less than that on the 
four-wheel truck. What was the length of the spring 
in the rear of each of the two vehicles? Did the four- 
wheel truck have dual pneumatic-tires on it or single 
pneumatic ? 

Mr. BUCHANAN :—The four-wheel truck had dual 8-in. 
tires on the rear and the six-wheel truck had tandem 
8-in. tires. Both trucks had the same tire-inflation 
pressures. The rear spring on the four-wheel truck had 
20 leaves; on the six-wheel truck, it had 16 leaves. The 
total spring thickness in the rear of the four-wheel truck 
was 0.61 ft. and on the six-wheel truck, 0.50 ft. The 
spring widths, rear, were 0.33 ft. for each truck and the 
spring length, rear, 4.80 ft. on the four-wheel and 4.13 
ft. on the six-wheel trucks. The spring camber, rear, 
was 0.10 and 0.19 in., respectively. The approximate 
spring-rate was 1700 lb. per in. on the four-wheel truck. 
The six-wheel truck apparently had a usual type of 
spring, inverted, and at each end was connected to a 
rear axle. At its center, instead of supporting the axle 
as in the usual construction, it supported the body. In 
other words, the body was connected to the center of an 
inverted spring by a trunnion mounting. 

A. L. SCHOFF’:—The paper states that the “thickness 
and narrowness of tread rubber are desirable in reduc- 
ing road-impact reaction.” It has been evident all 
through these tests that an overload tire gives smaller 
impact than a tire properly loaded; but surely a narrow 
tread must give a greater unit-impact pressure, and it 
seems as though this statement is misleading unless it is 
changed over to be a unit pressure rather than the per- 
centage of the static load. 

Regarding Fig. 19 of the paper, the indication is that 
the relative cushioning property of the pneumatic tires 
decreases with both increasing loads and increasing 
tire-sizes while, with cushion tires, the relative cushion- 
ing properties are improved with increased load but de- 
creased with increased tire-size. It seems that this is 
confusing, being based on the percentage of static load 
rather than upon the actual impact, but it will be inter- 
esting to know why it is that the percentage of static- 
load impact increases with pneumatic tires and decreases 
with cushion and with solid tires for the larger sizes of 
tire. 


The curves in Fig. 20 of the paper again indicate, 
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from the viewpoint of lowering total impacts, the de- 
sirability of running overloaded tires. Probably, if the 
abscissas of these curves were changed to represent unit- 
pressure impact, the results would confirm usual practice 
that replaces overloaded tires with a larger size. 

Fig. 21 of the paper is plotted to show tire-capacity 
comparisons. The tire capacity of dual 6-in. pneumatic- 
tires is 4400 lb.; whereas, the capacity of 8-in. single- 
pneumatics is 4000 lb. Therefore, if the actual load in 
each case is the rated capacity as stated, it seems natural 
that the reaction for the lighter load would be less, as 
shown. Therefore, it is questionable whether it is 
proper to draw the conclusion that single tires produce 
lower impacts than dual tires unless more data are pre- 
sented. This criticism likewise applies to Fig. 22 

In Fig. 23 of the paper the capacity of 40 x 6-in. dual 
solid-tires is 8000 lb.; that of 40 x 12-in. single-tires is 
10,000 Ib. and, presumably, the capacity of 40 x 6-in. semi- 
dual tires is the capacity of cushion-tire equipment, 
which would be only 5400 lb. Therefore, if, as stated, 
the load is the capacity load, comparisons have been made 
between tires that vary almost 100 per cent in their 
capacity and loading. 

In Fig. 26 of the paper, there is relatively small dif- 
ference in the properties of the 3-ton truck whether on 
pneumatic or on solid tires, while the change in tire 
equipment on the 2-ton truck gives a wider range of 
impacts and, on the 5-ton truck, a still greater range. 
This makes it appear as though there is a great deal 
beyond the question of tires in determining the impact 
force. If the relatively desirable riding-properties of 
this 3-ton truck on solid tires are caused by some par- 
ticular feature of design in the truck, it would be of 
value to know what they may be. This same point is 
brought out in regard to Fig. 28. 

As to Fig. 37 of the paper, how do the authors account 
for the fact that the riding-properties are better on a 
3-ton truck equipped with solid tires on the front than 
with pneumatic tires on the front? 

Has any definite conclusion been reached by which the 
curves covering static deformation of tires can in any 
way be used as an index of the road impact which the 
tire will give under various conditions? 

Are the plotted curves averages of the performance 
of the tires in their respective groups, or are they one 
particular tire selected as a proper representative of that 
group? This question should be cleared up because some 
high-profile solid-tires in the larger sizes have the same 
profile as cushion tires of certain makes, whereas, other 
cushion tires have appreciably higher profiles. Since 
the tests show that profile plays a large part in the 
amount of impact, the results are not of, value unless 
further definite information is presented along the lines 
of further details of the tires under consideration. 

Mr. BUCHANAN :—We have some studies which have 
been made concerning load intensities which I think will 
cover the first point. So many comparisons can be made 
that we selected for the general comparisons the per- 
centage of static load as a basic standard when compar- 
ing impact forces. 

Although certain of these tests apparently show one 
tire equipment to be better than another, it should be 
borne in mind that these tests are directed toward cush- 
ioning qualities alone and that the entire problem in- 
volves certain other economic considerations such as tire 
life, service conditions and load intensities on the road, 
load concentration, and other things. Concerning the 
other points, I shall have to leave them for interpretation 
later. 
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CHAIRMAN C. M. MANLY*:—One point in the paper may 
cause some misunderstanding. It is in connection with 
deduction (5) that; “Appreciable variation of cross- 
sectional rubber, or breaks in the continuity, cause heavy 
repeated impacts on the road.” Ag I understand it, 
that is very largely tied up with the matter of circum- 
ferential distance between the breaks, or cross-sectional 
variations, and the type of cross-sectional variation. 
Some cross-sectional variations extend entirely across 
the tread, while others extend only part way across and 
are staggered on the two sides. Deduction (5) was due 
largely to certain tests that were made where some large 
differences in the cross-section occurred at circumfer- 
entially spaced distances of approximately the chordal 
length of tire depression when the tire was on the road, 
as I understand it. If only a very short distance existed 
between the circumferentially spaced variations in cross- 
section, so that there was very little variation in the 
volume of rubber immediately supporting the load as the 
tire turned around, I am sure that would have some 
modifying effect on the deduction mentioned. 
understanding correct? 

Mr. BUCHANAN:—Yes. The conclusion is worded: 
“Appreciable variation.” It was based on this test: We 
noticed an apparent constant hamme~ing on a smooth 
concrete road under one of the test conditions. It de- 
veloped only on this one general type of condition. We 
found that we were using a tire which is now obsolete, 
I believe, which had appreciable non-skid wells in its 
contour. These tires were used in a dual mounting, and 
the way these tires were mounted accidentally was such 
that the two big depressions were immediately opposite 
one another on the wheel. That meant that at about 
every 8 in. on the circumference of the tire there was 
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a lot of cushioning material and then at every 8 in. along 
the circumference there was a break in the cushioning 
material caused by the two wells being cut out of the 
profile. When we measured it on our records, we found 
that these occurred about 8 in. apart. We pressed the 
tires off, and replaced them with the tread designs stag- 
gered. The constant hammerings were substantially 
eliminated, being reduced to about one-quarter or one- 
fifth the magnitude previously obtained. Of course, the 
farther apart the tread depressions were, the fewer be- 
came the impacts because of them; and the closer to- 
gether they were, the more impacts there would be until 
the point was reached at which there was practically a 
uniform cross-section of the tire. 

CHAIRMAN MANLY:—That explanation answers my 
question to the extent that it brings out your direct ob- 
servations on the particular tire under observation at 
that time. The point I had in mind was that there may 
be breaks or substantial changes in the cross-section of 
the rubber that do not produce impact because their po- 
sitioning is so close together that there is no appreciable 
variation in the radial compressibility of the tire in any 
particular circumferential position. If that is true, there 
is then nothing to produce an impact. It is purely a 
question of whether the radial compressibility of the 
tire varies at different points in its circumference when 
compressed to the same extent and for an equal length 
as it is compressed by the vehicle load in actual road- 
service. If there is nothing there to produce variation 
in this radial resistance to compression, then there is 
nothing to cause an impact. It is purely a question of 
whether the distribution of the cross-sectional variation 
is such that there is no appreciable variation in the radial 
compressibility of the tire when measured against a flat 
surface, and for a chordal length of something like 6 in. 
or more. 


MATURITY OF AUTOMOTIVE INDUSTRY 


HE automotive industry has definitely entered upon a 

new stage of its development. The new condition is that 
more than half of the new cars sold in this Country annu- 
ally are now required to replace the old ones scrapped 
during the year and considerably less than half go to 
increase the total number in use. In a real sense this marks 
the transition of the industry from youth to maturity. 

Few individual new cars really are bought to replace old 
cars that drop out of use, for not many car-owners operate 
their automobiles until they are completely worn out and 
then replace them with brand new cars. Nevertheless from 
a statistical point of view, a majority of the new cars sold 
each year are now required to replace the old cars dropping 
out of use annually. That the yearly increase in the 
number of cars in use no longer offers a good measure of 
the number of new drivers, or of new automobile owning 
families, is also true for in recent years the increase in the 
number of individuals and families owning more than one 
car has been rapid. 

The accompanying table shows the approximate number 
of new passenger-cars sold in the United States annually 
during the last 12 years, the registration, the number 
scrapped, those in use at the end of the year, and the net 
increase. 

The registration figures are almost always cited as repre- 
senting the number of automobiles in use, but of course this 
is not so, for each car that drops out of use during a year 


STATISTICS OF AUTOMOBILE SALES, REGISTRATION AND USE 

New Cars’ Registra- Scrapped _ In Useat Gain 

Sold tion in End of In 

Year Year Use 
1915 747,000 2,273,000 139,000 2,134,000 608,000 
1916 1,373,000 3,507,000 155,000 3,352,000 1,218,000 
1917 1,591,000 4,943,000 176,000 4,767,000 1,415,000 
1918 815,000 5,582,000 243,000 5,339,000 572,000 
1919 1,520,000 6,859,000 317,000 6,542,000 1,203,000 
1920 1,653,000 8,195,000 416,000 7,779,000 1,237,000 
1921 1,446,000 9,225,000 572,000 8,653,000 874,000 
1922 2,230,000 10,883,000 766,000 10,117,000 1,464,000 
1923 3,446,000 13,563,000 1,120,000 12,443,000 2,326,000 
1924 2,994,000 15,437,000 1,419,000 14,018,000 1,575,000 
1925 3,435,000 17,453,000 1,755,000 15,698,000 1,680,000 
1926 3,526,000 19,224,000 2,130,000 17,094,000 1,396,000 





is also included in the registration of that year and must 


be deducted in counting up the cars actually in use. 


The 


net increase in the number of cars in use rose irregularly to 
1923, with sharp decreases in the war year of 1918 and the 


depression year of 1921, and has declined since 1923. 


The 


number of cars scrapped annually has steadily increased 
until now it is about 60 per cent as great as the number of 
new cars sold.—L. P. Ayres, of the Cleveland Trust Co. 
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Economics of Coordinating Motor- 


By W. J. 
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CUNNINGHAM! 


HE problem of the coordination of highway and 

rail transportation is of outstanding interest to 

every citizen. It concerns not only those in the 
automotive industry and those connected with railroads, 
but, in many ways, both directly and indirectly, it affects 
the public. The problem is more than one of engineering 
and business administration. It is one of economics 
and public policy. 

The subject is so broad that it gives me license to 
wander into many related fields, such as regulation, 
taxation, highway construction and finance, city plan- 
ning, standardization in design, and numerous other 
topics that have a bearing more or less direct on the 
economics of coordination. I shall, however, avoid too 
many side-trips from the main route. My discussion will 
be confined to the development of the motor-vehicle as 
an agency of transportation, the characteristics of the 
situation as it exists today, the effect of motor-vehicle 
development upon railroads, and the desirable policies of 
coordination. 

The automotive industry has not yet emerged from the 
period of adolescence; it is barely out of its teens. We 
are reminded of its comparative youth by the recent 
celebration by the Cadillac, one of the oldest motor-car 
companies, of its 25th anniversary. The Delaware & 
Hudson Co. 2 years ago celebrated the close of a century 
of transportation; the New York Central Railroad has 
had the centennial of its first charter; and the Baltimore 
& Ohio Railroad is making plans to commemorate next 
year the 100th anniversary of the- first steam-operated 
railroad service in this Country. Insofar as years are 
concerned, the railroad far outranks its youthful asso- 
ciate, but, even with due allowance for the wonderful 
expansion of railroad mileage and service, the spectacu- 
lar growth of motor-vehicles has in degree far out- 
stripped the railroads in their most active quarter-cen- 
tury of development. Furthermore, the extensions of 
railroad mileage now under way or projected are practi- 
cally offset by mileage in process of abandonment, while 
the production and use of motor-vehicles are progressing 
on a constantly increasing scale. The limit is not in 
sight. A census of automobiles, motorcoaches and trucks 
is no sooner made than it becomes incomplete; and the 
statistician is obliged to resort to estimates. 

Inasmuch as statistics ordinarily are tiring, I shall 
not unduly test your patience. Yet there are certain 
impressive figures which so appeal to the imagination 
that they should be mentioned. Only by taking stock 
once in a while in definite terms can we comprehend the 
extent of the recent and continuing revolution in trans- 
portation. 


INVESTMENT IN MOTOR GREATER THAN IN RAIL TRANS- 
PORTATION 


At present, more than 20,000,000 motor-vehicles, in- 
cluding about 70,000 motorcoaches and about 2,500,000 
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trucks, are registered in the United States. These rep- 
resent an investment of approximately $18,000,000,000 
devoted to highway transportation. That investment 
has more than doubled since 1920. 

The total investment in railroad equipment is about 
$6,000,000,000. On that basis of comparison, the in- 
vestment in motor-vehicles is now about three times as 
great as the investment in railroad motive-power and 
rolling-stock. 

The railroad investment in right of way, track and 
structures, stations, terminals, shops, and other facilities 
is about $17,000,000,000. It is interesting to compare 
that amount with the total of public funds invested in 
improved highways constructed, in the main, to meet the 
needs of the motor-vehicle. There is something more 
than 3,000,000 miles of highway of all kinds. Of these, 
nearly 500,000 miles are hard-surfaced highways which, 
according to the estimate of the United States Bureau 
of Public Roads, have cost about $8,000,000,000. It is 
evident, then, that at this state of highway development, 
the public investment in hard-surfaced roads alone is 
approximately one-half the private investment in rail- 
road physical structures outside of equipment. 

If we combine the investments in motor-vehicles and 
hard-surfaced highways, the total is $26,000,000,000, or 
about $3,000,000,000 in excess of the total investment in 
railroads. At the present rate of growth of the produc- 
tion and use of motor-vehicles, and of the extension of 
improved roads, the excess of the investment over that 
of the railroads will grow rapidly larger year by year 
when note is taken of the fact that the highway con- 
struction recently has been on a scale in excess of $1,000,- 
000,000 annually, a sum greater than the railroads are 
expending annually for additions and betterments. To- 
day’s cost of modern concrete highway is approximately 
equal to the average per-mile cost of existing railroads, 
including equipment and terminals. 

One other element may be added to the comparison. 
It is possible to compare, in part at least, the number 
of employes engaged in railroad service with those pro- 
fessionally employed in motor transportation. Railroads 
directly employ in all branches of their service about 
1,750,000 persons. Employed directly in all phases of 
the automotive industry are more than 3,000,000 persons, 
but these include employes engaged in the manufacture 
of vehicles, parts and accessories. Comparison of the 
total number of employes, of course, is not sound, as the 
number of employes of locomotive and car-building 
plants and other producers of railroad supplies is not 
available to me and is not included in the railroad figure. 
However, we may conservatively confine the comparison 
on the one hand to railroad employes as a whole and on 
the other hand to those classes in the automotive in- 
dustry directly concerned with transportation and main- 
tenance. The number of garagemen, repair-shop em- 
ployes, professional chauffeurs, and professional truck- 
drivers is 1,870,000, or about 100,000 more than railroad 
employes of all classes. 
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MoTorR-VEHICLES CARRY MOoRE 
RAILROADS 


PASSENGERS THAN Do 

We are here comparing a well-defined class of public 
service by railroads with a loosely defined combination 
of automobiles, motorcoaches and trucks, some engaged 
in public service and some used in private business or 
for pleasure. It is impossible to make the separation 
between commercial motor-vehicle mileage, as a means 
of profit or as an adjunct to private business, and 
mileage made for purely social use and pleasure. These 
difficulties are embarrassing when we attempt to meas- 
ure the relative transportation production of the high- 
way and of the railroad. Moreover, although we have 
exact knowledge of the transportation output of rail- 
roads, we are without such data for motor-vehicles and 
are thus forced to use estimates that require many as- 
sumptions. 

H. R. Trumbower, an economist 
Public Roads, has recently published an illuminating 
article’ on that subject. His basic figures are authorita- 
tive and I believe his assumptions are reasonably close 
to the facts. 

From his study the following striking conclusions are 
summarized : 


in the Bureau of 


(1) The passenger motor-vehicles in the United States 
have capacity sufficient to move one-half the 
total population at one time 

(2) That capacity is 30 times as great as the capacity 
of railroad passenger-cars 

(3) The estimated passenger-miles of passenger mo- 
tor-vehicles on the highways, outside of city 
streets, is three times as great as the actual 
total passenger-miles of the railroads 

(4) The tonnage capacity of all railroad freight-cars 
is 40 times as great as the tonnage capacity of 
all motor-trucks 

(5) The actual ton-miles produced by railroads is 50 
times as great as the estimated ton-miles pro- 
duced by motor-trucks on the highways, outside 
of city streets 

The caption of the article tells the story succinctly: 

Highways, Largest Passenger-Carriers; Railroads, 
Freight. It is in passenger service that the motor- 
vehicle in 25 years’ development has forged ahead of the 
century-old railroads. In freight service, the motor- 
truck is not yet within hailing distance of equality with 
the railroads in ton-miles, but it has potentialities that 
are difficult to measure. 


RAILROADS Not To BE SCRAPPED 


There is too great a tendency, however, to predict that 
in the not distant future the railroads will take but a 
minor place in transportation as the highways become 
further extended and improved and as motor-vehicles 
increase in number and effectiveness. Such a prediction 
runs counter to economic facts. In the long run, the 
form of transportation will survive that has the lowest 
economic cost for the service rendered. The great bulk 
of freight transportation in this Country is in mass 
movement over long distances. In that field the railroad 
is economically supreme. Likewise, in passenger trans- 
portation, the railroads will continue to take care of the 
long-journey passenger, the overnight traffic between 
large cities and the mass movement of suburban passen- 
gers morning and evening. There is business enough for 
both ferms of transportation. Railroad traffic will con- 
tinue to increase in amount, and railroad capacity, in 
equipment, line and terminal, will be effectively utilized. 
It is not a question of the survival of one and the down- 
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fall of the other. It is a question of finding the desirable 
economic balance, a fairly definite limitation of fields 
with wise coordination, so that each agency of. trans- 
portation may function in both fields with the maximum 
economic efficiency. 

[ remember the slogan a manufacturer of scales used 
vears ago, “Jones pays the freight.” It was a good 
sales-point even though fallacious in economic basis. 
We all know that no matter who first puts up the money, 
it is eventually distributed. It is the public, not Jones, 
that ultimately pays the freight. Any form of trans- 
portation, any scale of rates and any standard of service 
that is unsound economically is not in the public interest 
and cannot continue. It is highly desirable, therefore, 
that an earnest effort should be made by those responsi- 
ble for motor-vehicle policies, tentatively, at least, during 
this continuing period of development, to confine the 
zone of highway transport to limits within which its 
economic advantages are clearly apparent; and by those 
responsible for railroad policies, recognizing the eco- 
nomic superiority of motor-vehicles within that zone, 
to adjust railroad facilities and service in consonance 
with new and changing conditions. This is one of the 
most important angles of the problem of coordination. 
Its satisfactory solution demands a statesmanlike atti- 
tude by each of the two groups, an attitude in which 
purely selfish corporate and individual interests shall be 
subordinated to the public good. 

In suggesting a more or less definite limitation in the 
fields of activity of railroads and of motor-vehicles, I 
used the qualifying phrase, “tentatively, at least.” In 
view of the comparative youth of motor transport and 
the likelihood of further substantial improvements in 
design and transportation efficiency, it would be unwise 
to be too definite or to draw too rigidly the lines of 
limitation. We may, however, consider the situation as 
it now obtains and, even though it may be unsafe to 
commit ourselves too far into the future, we may prop- 
erly suggest a basis that appears to be wise and desirable 
for the present. 


THE FIELD FoR MoToR-TRUCKS 


Taking up first the question of freight service, it 
seems that here the railroads have less to worry about, 
and the public has less direct interest, than in passenger 
service. Nearly three-quarters of railroad operating- 
revenue is derived from freight service. Relatively little 
of it is of a class, or within a zone, that admits of serious 
encroachment by trucks. Yet, while relatively the com- 
petitive tonnage is small, the amount is large, when 
stated in absolute totals. When we remember that the 
number of motor-trucks now in use is slightly greater 
than the total number of railroad freight-cars, the po- 
tentiality is evident, even when account is taken of the 
fact that something like one-half the trucks operate 
almost entirely within metropolitan areas and a sub- 
stantial part of the other one-half is used in rural service 
non-competitive with railroads. The part of the truck- 
borne tonnage that was railroad-carried before the ad- 
vent of trucks is confined mainly to short-haul less-than- 
carload traffic between cities in the highly developed 
industrial zones, as, for example, the freight traffic to 
and from Boston and cities like Brockton, Taunton, Fall 


River, New Bedford, Providence, Woonsocket, Milford, 
Worcester, Fitchburg, Lowell, Lawrence, Haverhill, 
Amesbury, Beverly, Salem, and Lynn. Here the supe- 


riority of the truck for the movement of high-grade 
manufactured products and certain kinds of raw ma- 
terial in limited quantities is unquestioned. In most 
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eases, When trucks are used, the inclusive ton-mile cost 
is lower than the combined cost of rail movement and 
trucking between the rails and the plant or warehouse, 
but even when the ton-mile cost for all-highway move- 
ment is slightly higher than that by rail, the savings, 
in the typical case, in time, in packing, in loss and dam- 
age, and in the better control of movement, favor the 
motor-truck. 

The railroads are not in ignorance of these facts and 
although it goes against the grain of the railroad traffic- 
manager to lose tonnage that was once his, the loss is 
accepted with an approach to equanimity, if not by the 
traffic department, at least by the operating department. 
That short-haul traffic, particularly in less-than-carload 
lots, adds substantially to the gross but contributes little 
to the net revenue. Indeed, in many cases, it is not re- 
munerative, when charged with a fair proportion of 
indirect expenses and charges. When facilities are taxed 
to the limit by freight of all classes, the short-haul, low 
net-producing traffic interferes with and slows up the 
movement of the better-paying long-haul tonnage, and 
in many cases the net result would be more favorable, if 
the overburdened facilities were relieved, in the interest 
of freer movement of the more desirable traffic and more 
rapid turnover of equipment. So far as terminal ex- 
pense is concerned, the cost of handling the short-haul 
ton is the same as that of handling the long-haul ton. 
Under the existing rate-scale, it may be demonstrated 
that, in many cases, the element of terminal cost, as dis- 
tinguished from the element of line-haul cost, is not 
adequately recognized in the charge to the shipper, 
hence, as a general rule, even though there are frequent 
exceptions, the longer the line-haul, the greater the 
profit. 


THE RAILROADS ARE SUPREME IN 


LONG-HAUL TRAFFIC 


If the typical railroad were fully equipped to handle 
expeditiously and economically all the tonnage in sight, 
the force of what has just been said would be diminished, 
for, under the economic law of increasing returns, every 
additional ton is worth taking, if it pays even a very 
small excess over the direct expenses of terminal and 
line handling, exclusive of indirect and constant expenses 
and charges that must be met by the traffic as a whole. 
The important limitation of that economic law is that it 
applies only when there is unused capacity. It does not 
operate when the facilities are utilized to the economical 
limit. Beyond that point, the law of decreasing returns 
operates until the facilities have been expanded. 

For many years prior to the World War, the annual 
increase in railroad freight ton-miles was somethine lik» 
8 per cent, which meant that, at the end of the typical 
period of 12 or 13 years, the ton-miles were twice as 
great as at the beginning of the period. In other words, 
freight traffic doubled every 12% years. That steady 
and consistent growth was interrupted by the War and, 
since then, the ups and downs have been violent and 
irregular. Apparently, we are now on a steadier keel 
and the curve is assuming something like its prewar ap- 
pearance. The railroad freight-traffic of 1925 was 
greater than ever before and the returns for 1926 indi- 
cate that the total for the current year will be substan- 
tially greater than that of 1925. As a whole, then, in 
spite of the rapid growth in highway freight-transporta- 
tion, the volume of rail-borne tonnage is increasing and 
the railroads need not be alarmed about the loss to 
trucks. Indeed, as has already been mentioned, the 
railroads may view that with some satisfaction if, as is 
probably the case, the traffic taken by the trucks is, from 
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the railroad viewpoint, the least remunerative and the 
facilities released are being utilized by other classes of 
traffic that yield a greater amount of net revenue. 

But if the railroad traffic-manager, in spite of these 
economic facts, is worried by the diversion of local 
freight te the highway, he may be comforted by the fact 
that the automotive industry adds to his total tonnage 
much more in good-paying business than the trucks take 
away in poor-paying tonnage. It is estimated that in 
1925 the railroads carried more than 3,000,000 cars 
loaded with motor-vehicles or materials used in the in- 
dustry. This takes no account of material used in high- 
way construction. It is probable that these two classes 
of traffic comprised one-eighth of the total railroad traffic 
in 1925. 

POSSIBILITY OF FREIGHT-CAR SHORTAGE 


Although the record-breaking volume of traffic of 1925 
and 1926 has been handled by the railroads with a de- 
gree of expedition and regularity that has brought forth 
universal approval from the commercial interests of the 
Country and has done much to create the present rela- 
tively favorable public attitude toward railroads, there 
are signs that it may be difficult to maintain the existing 
high-quality of rail-service, if the volume of traffic con- 
tinues to increase on the scale of the last 2 years. In 
that period, the high peaks in loaded-car movement have 
been handled without congestion and there have been no 
car shortages. Recently, however, the factor of safety 
in surplus cars has been diminishing. That factor is 
little more than a reflex of car movement and terminal 
turnover. A gain of 1 mile in the average miles per 
car-day is equivalent to releasing 100,000 cars for ser- 
vice. Conversely, a loss of 1 mile in the daily movement 
of the average freight-car is equivalent to removing 
100,000 cars from those available daily for loading. If, 
then, the volume of traffic reaches a point that causes 
even a slight. slowing-up of car movement, the longer 
time in transit will require a greater number of cars 
than would be needed if the present rate of turnover 
were maintained; and the demand for more cars might 
quickly change the dwindling surplus into a shortage. 

In ton-miles per car-day, the short-haul freight-traffic 
is the least productive. In other words, for a given 
number of ton-miles, the car requirements of short-haul 
traffic are much heavier than those of long-haul traffic. 
If, then, the surface indications are correct and there is 
likelihood that the current car-surplus may be trans- 
formed into a shortage, further losses of short-haul 
traffic to trucks might be a blessing in disguise, at least 
until additional or better facilities at terminals or fur- 
ther improvements in railroad operation have removed 
the impediments to the quick turnover of cars. The 
difficulty cannot be met as well by purchasing more 
freight-cars as by getting more ton-miles out of the 
cars now available. In times of congestion, additional 
cars would merely aggravate the situation. 

The traditional policy of American railroads, up to 
the period of lean net-earnings in the decade preceding 
the beginning of the War, was to keep the facilities and 
equipment ahead of the steadily growing demands of 
traffic, so that the doubling of volume every 12 or 13 
years caused no embarrassment by overtaxing the rail- 
road capacity. The normal rate of new capital expendi- 
tures was arrested about 1910 and only a fraction of the 
usual amount was expended from that year until 1918, 
when the railroads were taken over by the Government 
and substantial expenditures were made, principally for 
the facilities needed to expedite war traffic. After the 
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Armistice was signed, the program was curtailed; but, 
beginning in 1922 and continuing to the present year, 
the railroads have expended large sums, averaging about 
$750,000,000 per year, for additions and betterments. 
These improvements bear a close relation to the higher 
quality of service, but, even though the amounts have 
been large, they have little more than made up the 
arrearages of the decade 1910-1920. With the facilities 
and equipment available in 1925 and 1926, the railroads 
have made a remarkable record, but it is too much to 
expect that they can continue indefinitely to take care 
of growing freight-traffic unless additional large sums 
of money are poured into capital channels. This brings 
us face to face with the question: Should not the new 
capital be devoted primarily to meeting the needs of the 
greater volume of traffic that the railroads are ideally 
fitted to handle, namely, the long-haul tonnage, and 
should not the railroads encourage the diversion of short- 
haul traffic, particularly the less-than-carload shipments, 
to the highways? My opinion is that an affirmative 
answer to both questions is sound, both economically and 
from the viewpoint of public interest. 

There is, of course, the difficult question of determin- 
ing the critical point in the length of haul, the distance 
within which the truck is economically preferable and 
beyond which the railroad is the better agency. I do not 
think that it is practicable to set a definite limit at this 
time. The distance will vary with local conditions, in- 
cluding the character of the highways, the capacity of 
the existing railroads, the volume of the traffic, and the 
nature of the commodities. In some cases, it may be 
30; in others, 50 miles. The answer can be found only 
by intensive study of a specific locality. Recent surveys 
of highway traffic have some significance in their indi- 
cation that about 80 per cent of the trucks operate within 
a radius of less than 30 miles. 

When the distance approaches that in which the 
freight-train has room to demonstrate its economic su- 
periority for movement outside of terminal districts, the 
trucks cannot successfully compete. A few figures will 
show why that is true. The average paying-load of all 
freight-trains is about 750 tons. To carry that tonnage 
in 5-ton units would require 150 trucks and 150 truck- 
drivers, and the gasoline consumption would be about 40 
gal. per mile. This expenditure of man-power and ma- 
terial by highway can be compared with a railroad train- 
crew of six men and a fuel consumption of less than 300 
lb. of coal per mile. 


MoTorR-TRUCKS AS RAILROAD FEEDERS 


A sound policy of transportation coordination seems 
to dictate that the railroads, instead of looking upon the 
motor-truck as a harmful competitor and obstructing its 
wide use, should recognize it as a desirable means of 
relief from the responsibility of providing freight-house 
and other terminal facilities for traffic that most 
burdensome from the viewpoint of operation and car 
utilization and is least desirable from the viewpoint of 
net revenue. I believe that this opinion is now held by 
the majority of railroad executives who prefer to have 
their facilities more fully used for tonnage that moves 
in solid trains over each engine district. 

A further element in a program of coordination 
that of utilizing the motor-truck directly by the rail- 
roads, or under contract to the railroad, as a substitute 
for the expensive and facility-consuming way-freight 
train. Several roads are now so using motor-trucks on 
the highways and the results are promising in two fields: 
(a) in and near large terminals in metropolitan areas 
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and (b) as a substitute for local freight-trains on thin. 
traffic branch-lines. 

Another phase of coordination is the creation of new 
traffic by motor-trucks. It is probable that for every top 
of local freight taken from the railroads by motor-trucks, 
more than 1 ton of new traffic is brought to the railroad 
by trucks that have developed new producing territories 
so remote from the railroad-stations that the forms of 
transportation existing hitherto were prohibitive in cost, 
This is a field in which the industrial departments of 
railroads may increase railroad revenue by coordination 
with trucks. The aim of the industrial agent has beep 
to induce new industries to locate on his line of railroad. 
The same purpose may be accomplished if an industry in 
a remote section is constructively brought alongside it by 
the highway truck. 

Two other phases of coordination may be referred to 
briefly. Their importance justifies much more time for 
discussion than is now available. I refer to the service 
of door-to-door delivery, commonly termed store-door de- 
livery, and the use of unit-containers. Largely because 
of differences in opinion concerning a few factors of 
relativeiy minor importance, the railroads and the ship- 
ping interests have not yet made the progress that 
should have been made in adopting door-to-door delivery 
and, consequently, in effecting desirable economics in 
time, freight-house capacity, freight-car utilization, and 
demand upon crowded city streets. Its adoption in some 
form is bound to come ultimately. The principle, I be- 
lieve, is economically sound and of broad public interest. 
In a somewhat limited field, the unit-container has dis- 
tinct economic advantages and its use is likely to be 
broadened. 


RAILROAD PASSENGER-TRAFFIC SHRINKING 


So much for freight service. When we turn to pas- 
senger service, we find that the motor-vehicle has made 
serious inroads on railroad passenger-revenue. Although 
railroad freight-traffic as a whole has been increasing, 
in spite of the development of motor-trucks, the total 
railroad passenger-traffic has been declining. 

In the 5 years from 1920, after the demobilization of 
the army had practically been completed, to 1925, the 
number of railroad passengers showed a loss of nearly 
30 per cent, and the number of passenger-miles, a de- 
crease of 23 per cent. An increase of 6 per cent in the 
average journey accounts for the fact that the decrease 
in the aggregate passenger-miles has been less than the 
decrease in the number of passengers and indicates the 
nature of the loss. It is in short-distance local passen- 
gers, not in long-distance riders. The number and the 
aggregate mileage of the latter have increased, particu- 
larly the Pullman-car riders, notwithstanding the much- 
complained-of Pullman surcharge. It is not in the com- 
mutation or suburban passengers. 
creased slightly in number. The loss to the railroads is 
confined to the local passenger-trains between adjacent 
cities and in rural districts where the private automobile 
and the motorcoach are affording more convenient and 
more frequent service. 

As between the private automobile and the motor- 
coach, the former has taken by far the greater number 
of passengers from the railroads. The motorcoach was 
not an important factor in the situation 3 or 4 years ago, 
when the recession in railroad passenger-traffic had al- 
ready set in unmistakably. The motorcoach, of course, 
has accentuated the loss, and, inasmuch as motorcoaches 
are steadily increasing in number, their effect in the 
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COORDINATING MOTOR-VEHICLE 


immediate future may be seen in further inroads on 
railroad local-passenger traffic. 

Although the number of long-distance automobile 
riders and “tin-can” tourists is absolutely large and 
although we cannot but be impressed with the number 
of States represented by the registration plates on cars 
we meet during the tourist season on any of the trunk 
highways, only a small part of that traffic is really com- 
petitive with the railroads. In the main, it is traffic 
that the automobile itself has created and would not 
have gone to the railroads, if the motor-vehicle had not 
been developed. To be sure, many a summer vacation- 
trip heretofore made by rail is now made on the highway 
and a large part of the thirsty tourists who now choke 
the trunk roads to Montreal might pay railroad fare if 
there were no other way to make a personal inspection 
of the workings of the Quebec system, nevertheless, as 
has already been stated, the through passenger-trains 
are not losing in patronage and the railroads need not 
be greatly concerned over that form of competition. 


Loss OF PASSENGERS ON LOCAL TRAINS 


The kind of competition to which they are harmfully 
subjected is that which can be illustrated by my own 
experience. I am fortunate enough to own a summer 
home in the White Mountain district of New Hampshire. 
We are 125 miles from Boston. During our first sum- 
mers in that beautiful region we patronized the Boston 
& Maine Railroad, but during the last 4 or 5 years, al- 
though the trips per season have averaged from 8 to 12, 
I can recall using the train but twice and on each of 
these two occasions my journey took me beyond Boston 
by rail. 

The highways are hard-surfaced to within 10 miles of 
my destination. Allowing for the time taken by the 
street-car and subway ride to the North Station and the 
stage from the railroad to my summer home, I can, 
without reckless driving, make better time than by rail. 
Ican go at any hour in comfort equal to that of a parlor- 
car, and my total cost per mile, using a car in the $2,000 
class, including interest, depreciation, insurance, and 
taxes, is little more than the railroad fare for two pas- 
sengers. 

My experience is that of practically every other sum- 
mer resident. He relies almost exclusively on his auto- 
mobile. Indeed, it has now reached the stage where the 
all-year-round residents as well rarely think of railroad 
travel. 

I am sure that the same situation exists throughout 
the entire New England region and suspect that it is also 
true of other parts of the Country. As a result, inter- 
community passenger-traffic by railroad has dwindled to 
a level that makes local passenger-train service distinctly 
unremunerative. That has led to a reduction in the 
number of trains; and the curtailment of railroad service 
has accentuated the degree of highway competition so 
that the patronage of the remaining skeleton of railroad 
passenger-train service is further diminished. 

Unlike the smaller loss in local freight-traffic, this 
diversion of local passenger-traffic from railroad reve- 
nues is serious, because the long-distance travelers are 
not increasing sufficiently in number to make up the 
deficiency. To meet its obligations as a common carrier, 
the railroad must render at least the minimum passen- 
ger-service, and its schedules are subject to review by 
the State regulating authorities. The citizen who is not 
a car-owner, or who prefers to use the rails rather than 
the highway, must be provided for. As a result, the 
typical railroad, particularly in New England, on its 
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many lines of thin traffic is running passenger-trains 
that do not pay all their direct expenses, to say nothing 
of a fair proportion of indirect expenses, taxes and in- 
terest charges. If the railroad is to remain solvent, the 
loss must be borne by long-distance passengers and ship- 
pers of freight. No part of the loss can be transferred 
to the commutation passenger, although, in the typical 
case, he is now carried at rates that are not remunera- 
tive. 
ABANDONMENT OF RAILROAD BRANCH-LINES 


It is easy to understand why the railroads desire to 
abandon the lines in which the greatest loss is sustained 
from operation. Except in a relatively few instances, 
however, such abandonment is contrary to public con- 
venience and necessity and will not be permitted by the 
State and Federal authorities. Even if passenger ser- 
vice were abandoned, there would still remain the obliga- 
tion of the railroad as a common carrier to perform 
freight service. The existing motorcoach lines do not, 
as a rule, serve every railroad-served community, and in 
freight service there is even less organization of com- 
mon-carrier trucks to care for freight. In New England, 
as well as in other Northern climates, many rural high- 
ways are impassable by motor-vehicles during a part of 
the winter, hence the reluctance of the regulating au- 
thorities to be swayed by a doleful exhibit of railroad 
red-figures. 

At this stage of development there seem to be but two 
alternatives. The railroads may either continue their 
unprofitable local passenger-trains, cutting down the 
number of trains to the lowest limit permitted by the 
commissions, economizing in every practicable way and 
attempting to make up the loss elsewhere, or they can 
go into the motorcoach business themselves and attempt 
to regain part of their lost passengers. If their motor- 
coach service is comprehensive and serves reasonably 
well every community on the local line and if arrange- 
ments can be made with the State and municipal au- 
thorities to keep the highways clear of snow, assuming 
of course that the roads are hard-surfaced, the commis- 
sion is likely, in such cases, to authorize the withdrawal 
of all passenger-trains. 

There would then remain only the question of freight. 
The railroad way and structures would still require 
maintenance. The burden of indirect expenses and in- 
terest charges would not be lightened, but the direct loss 
from passenger-trains would be avoided and the red- 
figure column would be smaller. The direct cost of oper- 
ating a local passenger-train is about $1.25 per mile. 
The total cost of operating a motorcoach is about $0.25 
per mile. Even if the motorcoach did not pay, there 
would be a substantial reduction in loss. Looking far- 
ther ahead, there seems to be no reason that, with hard- 
surfaced roads and the use of highway snow-plows, 
trucks cannot be made to serve instead of local freight- 
trains and that the non-paying railroad lines cannot be 
completely abandoned. 


RAILROAD-OPERATED MOTORCOACHES 


That views similar to these are now held by many rail- 
road executives is evidenced by the recent activities of 
railroads in instituting motorcoach service either to sup- 
plement or to supplant railroad passenger-service. You 
all are familiar with what has happened in New England. 
Here both the New Haven and the Boston & Maine sys- 
tems, through subsidiary motorcoach companies, are 
operating motorcoach lines that parallel nearly one-half 
their railroad lines. Complete financial results are not 
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publicly available and I cannot say whether the lines 
actually show a profit. While it is yet too early to form 
definite conclusions as to the actual degree of profit or 
loss, I believe that the action is along sound lines. The 
coordination of highway and rail service in public in- 
terest may best be accomplished by a greater degree of 
railroad participation in motorcoach operation. 

In this review of present conditions and tendencies, 
it is well to emphasize the point that, in an industry 
which has grown as rapidly as has the motor-vehicle in- 
dustry, the experience of the past may not be as reliable 
in forecasting the future as would be the case with rail- 
roads. Although attention has been called to the fact 
that the comparative ages of the two agencies of trans- 
portation are a quarter of a century for motor-vehicles 
and a full century for railroads, it should be noted fur- 
ther that the greater part of motor-truck development 
has occurred within the last 7 or 8 years, or since the 
great possibilities in that field have been brought to 
light by the effective use of motor-trucks for war trans- 
port. In the case of motorcoaches, the greatest develop- 
ment has been during the last 4 years. With the spec- 
tacular growth of the new form of transportation, it is 
quite natural to find that the railroads, in their full 
growth of maturity, should be several laps behind motor- 
vehicles in adapting themselves to new conditions, and 
the process of catching up with the procession is still 
going on. The earlier railroad attitude of obstructing 
the use of motor-vehicles may now be regarded as short- 
sighted. They have lost a great opportunity to be the 
pioneers in that field and to anticipate the now well- 
established public preference, under favoring conditions, 
for motor transport, instead of being forced into it late 
in the day primarily by motives of self-protection. The 
processes of coordination, therefore, have been operating 
only during the last 3 or 4 years. The possibilities are 
difficult to measure and to forecast; the economically de- 
sirable limits are difficult to define. 


INFLUENCE ON SERVICE OF COMPETITION 


One collateral effect is easy to trace. The competition 
of motor-vehicles is a healthy tonic to railroad service. 


The effect has been to focus greater attention upon 
regularity and dispatch in the movement of freight and 
to be more responsive to the public reaction toward bet- 
ter passenger-train equipment and faster schedules for 
more frequent through-trains. The railroads have seen 
their local passenger-traffic seriously diminished. As yet 
they have not suffered substantially in the patronage of 
long-distance passengers; but the possibilities are such 
that the railroads are now alive to the necessity for meet- 
ing the competition by improved service and equipment. 
The same tendency is noted in freight service. While 
the economic factors that I have mentioned now favor 
and will continue to favor the use of motor-trucks for 
distances of from 30 to 50 miles, particularly for small 
shipments, the railroads are making efforts by better 
service to prevent further encroachments, particularly in 
carload shipments. The general adoption of door-to-door 
delivery will not be much longer delayed, when the rail- 
roads more clearly recognize that the development of 
that auxiliary service will enable them to meet one im- 
portant competitive factor and at the same time to offer 
the economic advantages of mass movement from ter- 
minal to terminal. 

With one more observation I shall have finished. My 
concluding remarks are a prediction that the trend in 
motor-vehicle transportation is likely to follow that of 
the steam railroads and nearly every industrial enter- 
prise. The New Haven system is composed of what 
were once about 200 separate railroads. The Boston & 
Maine Railroad comprises something like 130 or 140 
once separate units. The same thing is true of other 
railroad systems. Likewise, a similar process of con- 
solidating and of merging many small companies into a 
few large ones is seen in the development of water trans- 
portation, of the telephone, of the radio, and in the whole 
field of industrial and commercial activity. It is likely 
that the same process, in highway transportation, will 
bring about the merging of the many small undertakings 
into larger units. Under proper public-control, such con- 
solidation will be in the public interest and will make 
easier the satisfactory solution of the problems of co- 
ordination with railroads. 


OIL-BURNING SHIPS 


RITAIN’S chief mining districts. are close to the sea and 

to good harbors. Possessing at once the greatest navy 
and the greatest merchant marine in the world, England 
naturally dominated this business. Not only British ships, 
but those of many other countries, burned chiefly or entirely 
British coal. 

A few years ago the transatlantic liners burned British 
coal almost to the exclusion of the American product. Many 
of them would take on coal at the European end of the trip, 
sufficient for the round-trip or the greater part of it. Now 
they take on most of their fuel in American ports; but it is 
oil rather than coal. 

An ocean greyhound like the Aquitania takes on about 
55,000 bbl. of oil when she comes to this side. It is sufficient 
to carry her back to Europe with nearly enough left to re- 
turn to this side again. The bunkers of most liners will 
not hold enough for the round-trip, so they take a few 


thousand barrels on the other side; also American oil, as @ 
rule. 

Of about 6,000,000 tons in the world’s navies, the greater 
part now uses oil. Of the merchant marine, already 33 
per cent uses oil. According to a statement recently issued, 
a majority of the newly-built tonnage from British ship- 
yards is composed of oil-burning vessels. 

There are 1087 tank ships on the seas, transporting oil; 
and about 37 per cent are American, representing, however, 
14 per cent of the world’s total tanker tonnage. Oil-bunker- 
ing stations have been established all over the world. An 
oil-burning vessel is just as sure to find fuel supplies where 
she needs them as is a coal-burner. 

A gross ton of coal, 2240 lb., is equal to 4 bbl. of oil, 
1352 Ib., for power production. The saving in weight and 
space is of course a highly important element.—J. C. Wel- 
liver. 
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ABSTRACT 

EFINITE recommendations of tire equipment for 

vehicles of a particular load-rating before they go 
into service have proved impracticable because of vari- 
ations in the wheel-bases, the locations and types of 
the bodies, and the actual loads carried. The usual 
method of procedure is to determine the total load on 
each axle and ascertain the proper sizes of tire from a 
table of standard load-ratings. After the proper size 
has been determined, the proper type must be selected 
by analyzing the operating conditions with respect to 
speed, length of run, road conditions, and the like. 

The advantages of different kinds of tires are ex- 
plained. Plain-tread tires are said to be generally 
satisfactory for all classes of front-wheel service; con- 
tinuous-tread patterns to give the maximum mileage 
at moderate speeds; the non-skid type to be best for 
long-distance hauling where heat is the chief source of 
trouble; tires that have indentations in the side and 
that are self-cleansing to be the most effective over 
unimproved roads. 

The wheel equipment should be wide enough to sup- 
port the tire properly and the overhang should not 
exceed % in. on each side unless an auxiliary support is 
used. 

As regards low cost of tire operation per mile, the 
following ranking of the various types of tire is given: 
(a) the smooth-tread, (b) the non-skid and (c) the 
traction type of side indentation. That it is profitable 
to oversize pneumatic tires is indicated by the gradual 
change to larger tires by taxicab fleets and that this 
is also true of solid tires is shown by the cost data 
kept by some of the larger companies. 

Solid tires for electric vehicles are made of a special 
compound and solid hi-type tires of this material are 
said to lead the field in low power-loss. The factor 
that is most important in causing low tire-mileage is 
excessive speed, which causes the disintegration or 
melting of the compound and produces blowouts; the 
factors that enter into the speed operation of tires are 
the design of the tire, its diameter, the nature of the 
compound, the load carried, the actual sustained speed 
of the vehicle, the duration of the run and of the 
stops, the condition of the road, the temperature of 
the air, and the like. Among the other causes of break- 
downs are mentioned overloading, heel and toe action 
or the uneven wear of a non-skid tire, incorrect align- 
ment of the front wheels and mechanical irregularities, 
such as improper wheel-alignment, loose wheel-bear- 
ings, loose bushings, loose steering-gear, front axle out 
of position, and improper brake-adjustment. 

Bent rims, the improper use of chains and car-track 
riding are cited as frequent causes of failure. The dif- 
ference in carrying-capacity of tires of different diam- 
eters and the difference in the wear of the tires in 
winter and in summer are frequently overlooked by 
the operator. May and June removals show an in- 
crease of 11 per cent over other periods of the year, 
while those of November show a decrease of approxi- 
mately 14 per cent. 


OLID tires, in this paper, will be assumed to include 
tires that are built of solid rubber, as contrasted 
with those containing an air-cavity, even though 

some of the latter may be classed as heavy-duty cushion- 
*Truck and motorcoach tire department, Firestone Tire & Rubber 
Co., Akron, Ohio. 


Illustrated with DRAWINGS AND PHOTOGRAPHS 





TABLE 1—THE CARRYING CAPACITIES OF SOLID TIRES 


For Wheels For Wheels 
Width of Tire, 36 In. and Under, 38 In. and Over, 

In. Lb. Lb. 

3.0 1,000 ey. 

3.5 1,300 

4.0 1,700 oa ade 

5.0 2,500 3,000 

6.0 3,500 4,000 

7.0 4,500 5,000 

8.0 5,500 6,000 
10.0 7,500 8,000 
12.0 9,500 10,000 
14.0 11,500 12,000 


tires. It has proved impracticable to make definite rec- 
ommendations of tire equipment for vehicles of a par- 
ticular load-rating before they go into service. This is 
brought about through the variations in the wheel-bases, 
the location and type of body and the actual load carried. 
The ideas of operators also differ regarding economical 
loading and vary from the rated load to 100-per cent 
overload. The general method of procedure in the analy- 
sis of a truck is, first, to obtain the front and rear-axle 
loading of the empty vehicle. This may be accomplished 
through the use of portable scales or a standard plat- 
form-scale. Then, by measuring the location of the body 
with respect to the rear axle, the front and rear dis- 
tribution of the cargo weight can be ascertained, and, by 
adding these to the empty weights, the total load on each 
axle can be determined. By referring to the standard 
table of load-ratings, shown in Table 1, the proper size 
of tire may be selected. 

After the proper size of tire has been determined. it 
is necessary to analyze the operating conditions with 
respect to speed, length of run, road conditions, and the 
like, to select the proper type of tire. Table 2 divides 
truck operation into various groups and gives the types 








TABLE 2—RECOMMENDATIONS FOR SOLID TIRES FOR VARI- 
OUS TYPES OF SERVICE 


Type 
of Tire, 
Front 
Type of Service Wheels Type of Tire, Rear Wheels 
Single 
Excavating Plain Hi (1) Trailer Dual 
(2) Continuous- 
Tread — 
Logging Plain Hi (1) Trailer 
(2) Continuous- 
Tread — 
Building Supplies Plain Hi (1) Non-Skid Non-Skid 
(2) Continuous- 
Long-Distance Tread 
Hauling Plain Hi Non-Skid Non-Skid 
Oil-Tank Delivery Plain Hi Non-Skid Non-Skid 
Coal Delivery Plain Hi Non-Skid Non-Skid 
General Hauling Plain Hi (1) Non-Skid Non-Skid 
(2) Continuous- 
Tread 
Trailer Trailer Trailer Trailer 
Electric Trucks Plain Hi (1) Plain Hi Plain Hi 
(Electric (Electric (Electric 
Compound) Compound) Compound) 


(2) Continuous- 
Tread (Elec- 
tric Com- 
pound) 
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of tire most generally used in each. We will divide our 
discussion into front and rear-wheel service. 

We find it more economical and more satisfactory gen- 
erally to use plain-tread tires in all classes of front-wheel 
service. The view at the left of Fig. 1 shows this type 
of tire. There is no reason for using a non-skid tire in 
front-wheel service. Tires in which the tread is broken 
up by designs wear faster and are more susceptible to 
uneven wear, caused by mechanical irregularities. 


ADVANTAGES OF VARIOUS TYPES OF TIRE 


When trucks are operating over improved roads at 
moderate speed, a tire of the general type shown at the 
right of Fig. 1 will prove most satisfactory. This type 
of tire has a continuous tread and will give the maximum 
mileage. 

There has been a growing demand for solid tires with 
a non-skid tread-pattern, of the general type shown at 
the left of Fig. 2. This design affords more traction and 
less skidding than the tire shown in Fig. 1, but at a 
sacrifice of some mileage. Through its greater radiat- 


ing-surface, it also has proved the best type of tire for 
long-distance hauling where heat is the chief source of 
trouble. 








Fic. 1—PLaIn H1I-TYPE AND CONTINUOUS-TREAD TIRES 
It Has Been Found More Economical and More Satisfactory To 
Use Plain-Tread Tires in All Classes of Front-Wheel Service When 
Operating Over Improved Roads at Moderate Speed, Continuous- 
Tread Tires Give the Maximum Mileage 


If the truck is to be operated over unimproved roads, 
it will be necessary to have more traction than that af- 
forded by either of the foregoing types of tire. The 
tires best adapted to this type of service are those so 
designed that the soil which accumulates in the tire will 
be readily displaced upon each succeeding contact with 
the road, leaving the tire free to grip the road and give 
traction. This is accomplished most effectively by a tire 
of the type shown at the right of Fig. 2, having indenta- 
tions in the side so shaped that they will be self-cleaning. 
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Fic. 2—NON-SKID AND TRACTION-TYPE TIRES 
The Non-Skid Type Affords More Traction and Less Skidding Than 
the Continuous-Tread Type But at a Sacrifice of Mileage It Has 
Also Proved the Best Type for Long-Distance Hauling Where Heat 


Is the Chief Source of Troubl When Operating Over Unimproved 


Roads and More Traction Is Necessary Than with Any of the 
Foregoing Types, the Traction Type Is the Most Effective, For Soil 
That Has Accumulated in the Tire Is Displaced with Each Succeed- 


ing Contact with the Road 


SELECTION OF WHEEL EQUIPMENT 
Having determined the proper size and type of tire, 
attention should be given to the wheel equipment, by 
using a wheel wide enough to support the tire properly. 


NORMAL APPLICATION 


%) ¢46-In. Overhang Each Side 


OVERSIZE GIANT CENTERED 


7, ; 
//4-Lln. Extension Rirr 


in. I 
lYjg-lr Overhang Each Side 
=m ) ’ é 





OVERS/ZE G/ANT OFFSET 


-£/4-Ln. Extension Ring 
Ig-In Overhang ~ 


12-r Wheel | Si 
b- ~0= =>} 
OVERSIZE DUALS CENTERED 


V%-In Extension hing Each Srde 
) 1 %-In. Overhang Each Side 


oes = oe OVERSIZE DUALS SINGLE FLANGE CENTERED 
! 7-In. Thre ) Se, ee i 13 
177. IVE a e /14-In. Extension Ring Each Side 


Yg-In.Overhang Each Side 








OVERSIZE DUALS SINGLE FLANGE OFFSET 


244-In. Extersion Ring 
' 2%4-In. Overhang 


Fig. 3—NORMAL APPLICATION OF TIRES 
It Is Not Good Practice To Exceed %-In. Overhang on Each Side, 
Unless an Auxiliary Support Is Used Extension Rings, Furnished 
in 14% and 2\4-In. Widths, Are Used for This Purpose and Are 


Applied as Shown 
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Tires are always wider than the wheel, but it is not good 
practice to exceed *4-in. overhang on each side, unless an 
auxiliary support is used. When it is necessary to over- 
size tires, extension-rings furnished in 11% and 2%-in. 
widths, and applied as shown in Fig. 3, are used as an 
auxiliary support. In using dual tires, it is necessary 
to oversize. For example, 7-in. dual tires should replace 
a 12-in. single. This further increases the tire-rim over- 
hang and is very undesirable. Inasmuch as the rim 
flanges are for the protection of the hard base-union, it 
is possible to do away with the inner flanges of the dual 
mounting. Cutting away these flanges saves % in. per 
tire, or 144 in. for two tires, in the over-all width, thus 
proportionately reducing the overhang. 

The question may now be asked, “What is the most 
economical solid tire for truck operation?” Inasmuch as 
vehicles of from *4 to 114-ton capacity are operated to a 
large extent on pneumatic and cushion tires, we will, 
therefore, consider solid tires as applied to heavy-duty 
work on trucks larger than 1'4-ton capacity. 

For low cost per mile of tire operation, the smooth- 
tread tires typified in Fig. 1 unquestionably rank first. 
This general type of tire gives the maximum mileage 
with a fair amount of cushioning and traction. 


; 
; 
| 
| 
; 
| 
| 
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Fic, 4 
For Trailer Service, No 


TRAILER-TYPE TIRE 
Driving Strain Is To Be Taken Care Of 


and in Most Cases No Braking. No Delicate Mechanical Parts 
Require Cushioning. Consequently, a Plain-Tread Tire Is Used 
That Is Slightly Lower in Profile Than the Standard Truck-Tire 


A non-skid tire of the type shown in Fig. 2 would be 
the second choice. Whenever the tread of a tire is in- 
dented with a design, less.rubber is in contact with the 
ground and, consequently, the intensity of pressure per 
Square inch. is higher. This must result in faster wear. 
Also, these types of tire are more susceptible to uneven 
wear through excessive speed or overload. 

The traction type of tire with side indentations, as 
shown at the right of Fig. 2, is third choice. This tire 
is designed purely for traction in soft going and is not 
adapted to service over improved roads exclusively. 
Though ranking third in cost per tire-mile, this cost is 
more than offset by the traction afforded and by the 
ability to avoid delays in negotiating bad roads. 
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Fic. 5 


Excessive Speed Generates Heat within the Tire Faster Than the 


BLOWOUT IN A SOLID TIRE 


Compound Can Dissipate It and Results in the Disintegration or 
Actual Melting of the Compound and the Formation of a Gas That 
Blows through the Tread or Side-Wall, Ruining the Tire 


PURPOSE OF CENTER GROOVES 


In the design of all giant solid tires, it is necessary to 
relieve, in some way, the stresses set up by the traction 
wave, and this is usually accomplished by center grooves 
of some type. Consequently, when the surface design is 
worn off the tires it is necessary to recut the surface in 
some way. This often consists in cutting only one or 
two circumferential grooves. Most service stations are 
equipped to handle this work expeditiously, and it is 
economical for the operator to have it done by them. 

Is it profitable to use oversize tires? The best proof 
in the pneumatic field is the gradual change to larger 
tires by taxicab fleets. The same change is taking place 
in. motorcoach fleets. In the solid-tire field, the large 
companies have kept accurate tire-costs and have found 
it profitable to use oversize solid-tire equipment. 

Tires for trailer service are in a more or less separate 
class. There is no driving strain to be taken care of and 
in most cases no braking strain; also, there are no deli- 
cate mechanical parts requiring cushioning, so it is 
obvious that the tire requirement is different. We rec- 
ommend the use of a plain-tread tire, such as shown in 
Fig. 4, which is slightly lower in profile than the stand- 
ard truck-tire. 

The use of solid tires on electric vehicles is a special- 
ized service, for which the tires are made of a special 
compound. Owing to the more even starting-torque and 
the slower speed of electric trucks, it is practicable to 
equip them with tires made of a different type of com- 
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Fic. 6—AVERAGE LOAD-SPEED CURVE 
This Shows the Effect of the Vehicle Speed on the Carrying Capac- 
ities of Solid Tires. The Maximum Load Is Indicated as 100 Per 
Cent. For a Decrease of 50 Per Cent in Load, the Allowable Speed 
Is Increased Approximately '73 Per Cent 
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tests under the conditions of electric-vehicle operation 
have shown that the plain hi-type solid-tire of this special 
compound leads the field in low power-less. Tires having 
more cushioning cause a “drag,” and those having less 
cushioning cause excessive vibration and wheel slippage, 
both of which increase the power-loss. 


CAUSES OF Low TIRE-MILEAGE 

What are the causes of low tire-mileage? Many fac- 
tors have an influence and some, we are inclined to be- 
lieve, are not given serious consideration. 

Excessive speed generates heat within the tire faster 
than the compound can dissipate it and results in the 
disintegration or actual melting of the compound and 
formation. of a gas that blows through the tread or side- 
wall, ruining the tire. Fig. 5 shows a blowout in a solid 
tire. Excessive speed also causes greater tire action and 
aggravates uneven wear, as well as fast wear. 

The question may be asked, “What speed will a 
solid tire stand?” So many factors influence this that 
tire manufacturers have refused to guarantee their solid 
tires for a definite speed. The factors entering into 
speed operation are the design of the tire, the diameter 
of the tire, the nature of the compound, the load carried, 
the actual sustained speed of the vehicle, the duration of 
the run, the duration of the stops, the condition of the 
roads, the temperature of the atmosphere, and the like. 
Fig. 6 shows an average load-speed curve based on ex- 
perience. The maximum load is indicated at 100 
cent, because beyond this point other factors begin to 
have an effect. You will note on this curve that the 
speed is expressed in per cent, it being assumed that 100 
per cent represents the speed under the conditions at 
which the tire can be satisfactorily operated at the rated 
load. You will also note that, for a decrease of 50 per 
cent in the load, the allowable speed is increased approxi- 
mately 73 per cent. 

There is a limit to the load and to the speed that the 
solid tire will stand; if the satisfactory operating condi- 
tions for this tire are exceeded, causing blowouts, the 
operation is beyond the range of solid tires. 


per 


EFFECT OF OVERLOADING 
Overload, the effects of which are well known to most 


operators, cannot be overemphasized. It causes a gen- 
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Fic. 8—UNEVEN WEAR CAUSED BY MISALIGNMENT OF THE TiRB 
Alignment of the Front Wheels Is Very Important It Is Advisable 
To Watch the Front Tires for Unusual Wear, as a Condition of 
Misalignment May Wear Out a Set of Tires Completely after a Few 

Hundred Miles 


eral breakdown of the tire compound in the manner 
shown in Fig. 7. This action may begin on a single 
heavily overloaded trip and will continue, though the tire 
is not overloaded thereafter. It is not uncommon to see 
tires removed because of this condition, even though only 
half worn out. Overloading also causes excessive spread- 
ing of the tire on the road and, consequently, uneven 
wear. The tire must then be either removed or 
faced by cutting off the high spots. 

“Heel and toe” action, as the uneven wear of the non- 
skid type of tire is termed, is a direct result of the load 
and the speed. A careful examination of a tire will show 
that the non-skid projections wear off on the side that 
leaves the road rather than on the side that first comes 
in contact with the road. The continued application of 
power to the wheel distorts the projections in contact 
with the road, and, as the wheel revolves, they assume 
their original shape, at the same time scuffing the por- 
tion last in contact with the road. This causes the un- 
even wear referred to. The tendency toward this action 
can be moderated by tying the design together or making 
the projections lower, either of which will reduce the 
effectiveness or life of the non-skid portion. In other 


resur- 


words, the more nearly we approach a smooth-tread tire, 
the more nearly do we come to eliminating the action. 

We find it possible and practicable to change the sides 
of the rear wheels, thus reversing the action and causing 
the design to wear even again. 





Fic. 7—BREAKDOWN 


or TIRE CoMPOUND CAUSED BY UNDERCUTTING 


This Action May Begin on One Heavily Overloaded Trip and Will Continue, Though the Tire Is Not Overloaded Thereafter 
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ECONOMIC 


ALIGNMENT OF THE FRONT WHEELS 

Alignment of the front wheels is very important. It 
js customary to gather the wheels at the front, or give 
them a toe-in of from ¥g to % in., according to condi- 
tions. It is advisable to watch the front tires for un- 
usual wear, as a condition of misalignment may wear out 
a set of tires completely after a few hundred miles. It 
ean usually be detected by uneven wear or a scuffed ap- 
pearance of the tread. Fig. 8 shows a condition of mis- 
alignment in an advanced state. 

Mechanical irregularities often result in premature 
tire-failure. Among the most common of these are im- 
proper wheel-alignment, loose wheel-bearings, loose bush- 
ings, loose steering-gear, front axles out of position, and 
improper brake-adjustment. We also find wheels out of 
round and out of true, which, of course, is not the fault 
of the operator. Fig. 9 shows a tire with successive flat 
spots caused by a loose wheel. 

Rims that have become bent by striking curbs and ob- 
structions in the road are very common. This is particu- 
larly true when the tires have been oversized and the 
overhang has not been supported from beneath. A bent 





Fic. 9—SuccwessivE FLAT Sports CAUSED BY A LOOSE WHEEL 


Among the Most Common Mechanical Irregularities That Result 

in Tire Failure Are Improper Wheel-Alignment, Loose Wheel-Bear- 

ings, Loose Bushings, Loose Steering-Gear, Front Axles Out of 
Position, and Improper Brake-Adjustment 


rim starts separation, which soon causes the removal of 
the tire. A good example of separation is shown in 
Fig. 10. 

Improper use: of chains, such as being drawn too tight 
and being used when not needed, results in excessive 
strain on the tire at contact points and the cutting of the 
compound, as shown at the left of Fig. 11. 

Car-track riding overloads one side of the tire and 


breaks down the compound, as shown at the right of Fig. 
ll. 


CARRYING CAPACITIES OF TIRES OF DIFFERENT DIAMETERS 


The difference in the carrying-capacities of tires of 
different diameters is the cause of much grief and is 
often overlooked by the operator. To illustrate, let us 
compare 36 and 40-in. tires. The 36-in. tire is approxi- 
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Fic. 10—BENT RIM-FLANGE 


Rims That Have Been Bent by Striking Curbs and Obstructions Are 
Common. A Bent Rim Starts Separation, Which Soon Neces- 
sitates the Removal of the Tire 


mately 10-per cent less in circumference than the 40-in. 
All things being equal, it would be reasonable to 
expect 10-per cent less mileage. In addition to the 
shorter circumference, however, less tire is in contact 
with the ground, resulting in a higher intensity of pres- 
sure per square inch and greater flexing of the tire. To 
maintain a given vehicle-speed, the smaller tire must 
revolve faster, consequently flex oftener and has less time 
between flections in which to cool. The result is more 
heat generated and less time in which to cool. It is 
readily seen then that the 36-in. tire is at a disadvantage 
in competing with the 40-in. tire. 





Fig. 11—RESULTs OF CHAIN ABUSE AND OF CAR-TRACK RIDING 
Improper Use of Chains, Such as Being Drawn Too Tight and Being 
Used When Not Needed, Results in Excessive Strain on the Tire at 
One Point and the Cutting of the Compound. Car-Track Riding 
Overloads One Side of the Tire and Breaks Down the Compound at 

That Point 
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Fig, 12—-SEASONAL VARIATIONS IN THE MILEAGES OF SOLID TIRES 
A Very Appreciable Difference Is Apparent in the 


y J Wear of 
during, Summer and Winter Operation. 


the 100-Per Cent Mileage-Rating 


The gate of wear during summer and winter operation 
is liable’ to be overlooked by the operator in passing judg- 


ment upon tire service. We know definitely that there is 
a very appreciable difference. Fig. 12 shows the monthly 





Tires 
: The Dotted Line Represents 
the Actnal Average Mileage of All Tires and Is, Therefore, Given 
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average of tire removals in a particular class of Service 
during a period of 3 years and is considered very relia. 
ble. The dotted line represents the actual average mile. 
age of all tires and is, therefore, given the 100-per cent 
mileage-rating. You will note that the May and June 
tire-removals, in other words, the tires that have ry 
their greatest mileage during the winter months, show 
an increase of approximately 11 per cent. The November; 
removals, or the tires that have run their greatest mile. 
age during the summer months, show a decrease of ap- 
proximately 14 per cent. 

In making a summary of the factors entering into 
economic solid-tire operation, it is necessary first, to 
analyze the operating condition of the vehicles used, to 
determine the proper size and type of tire equipment, 
Having begun with the right equipment and having 
taken careful note of the common abuses that increase 
tire cost, the operator should have no difficulty in keeping 
the tire cost down to a point consistent with the general 
operating-cost. 


AGRICULTURE FUNDAMENTALLY SOUND 


Pipe reasons exist for believing that the state of agri- 
culture is not as bad as represented by many. That 
agriculture was stimulated to expansion during the war is 
a well-attested fact. The Department of 


Agriculture, re- 
viewing census figures, has said that 


Largely as a result of war-time prices about 40,000,000 
acres of pasture land had been plowed up and put into 
crops between 1909 and 1919, and about 5,000,000 
acres of forest land had been cleared for crops. Had 
the rate of increase from 1909 to 1919 been the same 
as during the previous decade relative to the increase 
in population, only about 23,000,000 acres additional! 
of crop land would have been brought under cultivation. 


A similar expansion occurred in other countries outside 
of Europe and a readjustment of acreage and production was 
inevitable after the war. To say that agriculture must 
adjust itself to the world’s needs is not a cruel judgment, 
for that is no more than every industry must do. More- 
over, there is no help for it. 

The position of agriculture is inherently sound, for the 
population of the world is always growing and soon catches 
up with any expansion that temporarily outruns require- 
ments. It has done so repeatedly. One of the most serious 
periods of depression agriculture ever has known was in the 
nineties, when extensive railroad building not only in the 
United States but also in Canada, Australia, India, Argen- 
tina, and Russia opened up large areas of new land to 
settlement. The prices of farm products fell and agitation 
was worked up which almost overturned the monetary system 
in the United States. 

In December, 1890, Governor Boies of lowa made an ad- 
dress at a dinner of the Reform Club of New York City 
in which he stated that an official investigation under his 
administration had shown that in every one of the preced- 
ing 5 years the average market price of corn in lowa had 


been less than the average cost of production. That is as 
bad as anything that has been said about present conditions, 
And yet one of the most prosperous periods in the history 
of American agriculture followed the nineties. The situa- 
tion was temporarily unbalanced, but when farm expansion 
was checked it soon righted itself. No more reason can be 
found for thinking that the present situation is permanent 


than can be found for thinking that the situation in the 
nineties was permanent. In 1890 the average value per 
acre of all farm land in Iowa was $28.13, in 1900 it was 


$43.31, in 
Of course 


1910 $96.00, in 1920 $227.09, and in 
the rise after 1900 was much 

stability and the inevitable collapse has beer 
real distress. 


1925 $148.00 
rapid for 
cause of 


too 


the 


The figures that are current for the average earnings of 
farm proprietors or farm families are misleading, although 
official, because arrived at by charging farms with interest 
on inflated or anticipated land values. That city lots as well 
as farm lands which are expected to rise in value will sell 
at prices above the values upon which immediate returns 
ean be obtained is common knowledge. In every period of 
rising farm values, such as that from 1900 to 1920, lands 
have been rated with reference to their estimated selling 
values in the future rather than with reference to immediate 
crop returns. To place fixed charges of this kind upon the 
business of agriculture is unfair. 

Unquestionably the farmer has been unfavorably affected 
by the immigration restriction in two ways, the restriction 
of the home market for farm products and the restriction 
of the labor supply. The latter nas raised the cost of his 
own hired labor and is largely responsible for his chief 
grievance, the high cost of everything he must buy. The 
immigration restriction may be well justified. It is popular 
and probably if submitted by referendum it would carry the 
farmer vote, but if we have it we must accept all the natural 
results.—National City Bank of New York. 
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Machine-Tool] Failures—Their Causes 
and Avoidance 


By E. R. STopDARD 


——$—_ 


ABSTRACT 


HE failure of machine-tools in the production line is 

serious and costly because the loss of production 
hours is not confined to the individual machine that 
fails but extends to preceding and succeeding machines 
in the line that are performing other operations. With 
a production of 400 cars a day and a net profit of $100 
per car, the direct cash loss amounts to about $4,000 
per hour, unless the bank of parts ahead is sufficient 
to avoid an interruption in assembling. 

An investigation of the causes of machine-tool fail- 
ures in the plants of the Studebaker Corporation of 
America at South Bend showed them to be due to 
three major causes which, in the order of their impor- 
tance, are (a) lack of lubrication, (b) overloading the 
machines and carelessness, and (c) poor design and 
construction of the machine-tools. 

The author recommends specific measures that, if 
taken by machine-tool builders, production foremen and 
machine-tool operators, and by machine-tool designers, 
would greatly reduce the number of failures. He be- 
lieves that the keeping of machine-tools running con- 
tinuously is a joint responsibility to be shared by all 
of these and that joint action by all concerned in the 
designing, building and operating of the machines will 
overcome the failures. 


HE failure of machine-tools in the production line 

is serious and costly. Not only the particular ma- 

chine that fails causes a loss of productive hours, 
but the entire line of machines doing preliminary or 
subsequent operations must be halted until repairs are 
made. This results in a total loss of productive hours 
that is often very great and expensive. Assuming that 
production is at the rate of 400 cars per day and the 
net profit per car is $100, the direct cash loss amounts 
to about $4,000 per hour. Our bank of finished parts 
usually carries us through an emergency, but sometimes 
we have no accumulation. 

To determine what goes wrong with machine-tools in 
the production line in the plants of the Studebaker Cor- 
poration of America at South Bend, and the reasons for 
the failures, the men directly in charge of maintenance 
during the last 7 years were asked, What were the di- 
rect causes of most of the machine-tool failures? From 
the reports made by these men the causes, in the order of 
their importance, were: 

(1) Lack of lubrication 

(2) Overloading the machines and carelessness 

(3) Poor design or construction of the machine-tools 

The results of this inquiry naturally led to considera- 
tion of measures to prevent machine-tools going wrong, 
and I submit the following recommendations: 


To ASSURE PROPER LUBRICATION 


Builders of machine-tools could greatly 
number of failures by 


reduce the 





(1) Providing positive force-feed lubrication to all 
high-speed moving parts 

(2) Providing manifold oilers with sight-feed. 

‘Superintendent of tools and maintenance, Studebaker Corpora- 


tion of America, South Bend, Ind. 
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Many machine-tool failures are due to the fact 
that oil-holes become clogged with grease and 
chips and the operator overloads them. As the 
operators usually are paid on the piecework basis 
they do not give the machine-tools the attention 
they should have and lubrication is neglected be- 
cause, when there are many oil-holes on the 
machine and they are covered with chips, consid- 
erable time is required to oil the machine properly 
Leading copper tubes from the parts to be oiled 
to one or more central points for oiling with a can 
or gun 
Providing self-oilers of liberal size on loose pul- 
leys on machines that are driven directly from a 
line-shaft, such pulleys to be capable of running 
24 hr. without refilling the oilers. 

Recently we started the installation of five new 
machine-tools provided with countershafts. The 
loose pulley on the countershaft carried a 5-in. 
belt and ran at a speed of 500 r.p.m. The oil-cup 
that came with the pulley was a diminutive affair 
and wholly inadequate. After a 2-hr. run, the 
countershaft was taken down and the pulley bushed 
and provided with a proper oiler 
Providing all oilers with a trap to prevent chips 
or other foreign substances getting into the bear- 
ings 


How FOREMEN AND OPERATORS CAN HELP 
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Production foremen and machine-tool operators can 


reduce the number of failures materially by 


(1) Securely fastening all work or clamping it in a 


jig or fixture before the machining operation 
begins 

(2) Keeping the machine free from chips to prevent 
jamming 


Keeping the cutting-tools sharp at all times 


Removing from the machines all castings or forg- 
ings that are too hard or have an excessive amount 
of stock 

(5) Keeping the machine-tool well lubricated at all 
times 

(6) Keeping the machine clear of wrenches, bolts, 


clamps and other small articles that might fall 
into the moving parts as a result of vibration 


How DESIGN CAN BE IMPROVED 


Machine-tool designers could help greatly in cutting 


down lost productive hours of machine-tools by 


+9 


(1) Providing interlocking handles or clutches so that 
an inexperienced operator cannot damage the ma- 
chine by locking the moving parts with the power 
on. 

We have at our plant two two-stage slab-milling 
machines that have one bank of cutters for rough- 
ing and one bank for finishing. Each bank is motor 
driven independently and the table-feed is geared 
to the roughing-head. An operator filled his fix- 
tures and started the machine but failed to start 
the motor on the bank of finishing cutters. Con- 
sequently, a cylinder-block was rough-machined 
and forced through the stationary bank of finish- 
ing-cutters, resulting in a costly wreck 

Providing shear-pins to prevent an excessive load 

being put on the machine from any cause. 
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In the Studebaker plant we have several large 
and expensive machine-tools in which the feeding 
of the cutting-tools is controlled by a large cam 
under the machine. This cam rotates slowly but a 
driveshaft running at high speed passed through 
it and was used as a supporting and centralizing 
shaft for the cam. Owing to continual trouble, 
it was necessary to provide a hollow stationary 
shaft on which the cam could rotate and through 
which a high-speed shaft could pass. All the work 
necessary to do this was done piecemeal in our 
own plant, which took considerable time 

(3) Designing the machines so that they will free them- 
selves easily from cuttings and keep chips away 
from the ways, lead-screws, gears and so on 

(4) Removing from standard machine-tools that are 
supplied for a specific operation all moving parts 
that are not required for the operation and ship- 
ping them in a separate container with the ma- 
chine-tools, together with full instructions for 
installing them in case the machine is used later 


for some other operation that will require the addi- 
tional parts 


CONTINUOUS OPERATION A JOINT RESPONSIBILITY 


I feel that the keeping of machine-tools running con- 
tinuously is a joint responsibility to be shared by the 
machine-tool designer, the machine-tool builder, the fore- 
man of the department in which a particular machine- 
tool is used, and the operator who is in charge of the 
machine. And I believe that joint action by all concerned 
will overcome the failures of the machine-tools. 


THE DISCUSSION 


E. F. DUBRUL’:—The statement that it costs the Stude- 
baker Corporation $4,000 for a break-down that stops 
production for an hour means something to both the 
machine-tool buyer and the machine-tool builder. It is a 
social waste; let us save it. The recommendations made 
by Mr. Stoddard are good practical suggestions. They 
could all be summed-up in one idea put forward by Dean 
Dexter S. Kimball, who showed that our great increase 
of production in this Country has been due mainly to the 
transfer of man’s skill and intelligence to machine per- 
formance. That is a good thought, and it is a fact. 

Mr. Stoddard suggests better lubrication. Why is it 
needed? Because we must transfer man’s lubricating 
skill and intelligence to the operation of a lubricator. 
He spoke about the necessity of having interlocks; this 
also comes down to the fundamental that more of the 
designer’s and the operator’s skill and intelligence should 
be transferred into machine operations to avoid break- 
ages. 

It is also a good, practical suggestion to have separate 
containers for the various attachments. It is a simple 
thing to provide these in many cases and the containers 
do not cost much. Is anything worse than having a num- 
ber of machine parts knocking around a shop and when 
a particular one is wanted not being able to lay your 
hands on it? If the users want the attachments shipped 
in a separate container, all they need to do is to make 
their wants known, but the users should not expect that 
they will get such containers for nothing. 

How can the design and construction of machine-tools 
be improved? The question of design is one of relativity. 
A certain design was good years ago under simple condi- 
tions of manufacturing, when machines were not crowded 
and were not working so many hours a day, but that de- 





2General manager, National Machine Tool Builders Association, 
Cincinnati. 


See THE JoURNAL, October, 1926, p. 399. 
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sign would not serve today, when the user wants to 
crowd the tool with work and keep it cutting every sec. 
ond that he can to save time. Mr. Kavle said in his 
paper’ that only a 10-sec. interval occurred with one of 
the tools he described when it was not cutting and that 
was when the jig was being turned around. Think of it! 
All the skill, intelligence and muscle power of the 
operators formerly required on the other types of ma- 
chine have been transferred into that machine and there 
are only 10 sec. per piece when the tools are not cutting. 
That condition demands a heavier construction to stand 
up to that longer factor of cutting-time. 


DESIGNERS SHOULD.STUDY MACHINES AT WorK 


Machine-tool designers and their executives can learn 
the user’s requirements and get ideas in producing plants 
better than the designer can get them at his drawing- 
board. While it may be inconvenient for a producer of 
machined parts to have too many machine-tool designers 
in his plant observing what he is doing, it will pay him 
to have some of them do this. Not enough designers 
have been in such plants so far, perhaps because the 
machine-tool builders have not sent them there. The 
designers should have as much run of the shops as it is 
possible to give them without causing annoyance and de- 
lays. Builders and producers would both profit by this 
cooperation, as it would result in more transfer of skill 
and intelligence to machines and more coordination and 
cooperation in producing the kind of tools that present 
conditions require. These tools will cost more money 
than simple types formerly cost, due both to their greater 
complexity and to the inflation of the dollar. We measure 
values in dollars and too often forget that the dollar 
has shrunk in purchasing power. The old-timer who 
handled dollars before they were worth only 66 cents 
still thinks of the 100-cent dollar. 

Present conditions require much heavier machine-tools 
than formerly to stand the strains of production and de- 
mand much better quality of material, much greater 
accuracy and much better design. These conditions have 
involved a change in the machine-tool industry. In the 
old days when a simple light machine-tool would suffice, 
it could be built in a simple crude machine-shop, but a 
tool of the kind required today cannot be built in that 
kind of shop nor with the kind of men who were good 
enough for the engineering staff and the production staff 
of the old days. It has not been long since the Johannsen 
gages were first brought to this Country and we thought 
they were wonderful. Since then we have learned to 
measure with light rays to within 0.000002 in. or some- 
where near that. The Johannsen-gage measurement is 
very rough compared with the light-ray method of meas- 
uring. We have progressed a long way since Johannsen 
gages came into use, although they were precious in the 
shop years ago. Now, in every-day practice, the mechanic 
is measuring as closely as the Johannsen gages measure. 
So the building of machine-tools today requires a differ- 
ent kind of plant and knowledge than were needed 15 
years ago, and very different from what were needed 20 
and 25 years ago. 

When one of the little old-time shops went out of busi- 
ness because it could not make money, the machine-tool 
users, as a class, did not suffer much, because another 
little shop could be started by someone else. No great 
social waste of capital occurred when the small shop 
closed. But today the user who expects to keep his ma- 
chines in repair and to be able to obtain replacement 
parts must have back of his tools the kind of shop that 
today’s industry demands for building the machine-tool. 
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CAUSES AND AVOIDANCE OF MACHINE-TOOL FAILURES 


When a $4,000-an-hour loss is involved, it does not pay 
him to try to save an extra 1 per cent on $100,000 worth 
of machine-tools or 2 per cent on $200,000 worth if the 
1 per cent or 2 per cent pinched off of the builder’s profit 
prevents the builder from having the kind of shop that 
he must have to save the user that $4,000 an hour. 


COOPERATION OF USER WITH DESIGNER 


ERNEST SVENSON‘*:—It would be helpful to hear from 
the various organizations regarding the trouble they have 
had in altering or redesigning different machine-tools 
they are using and also with reference to records they 
keep of the causes of trouble with the machines, such as 
the operators falling asleep, the tools not being properly 
ground, and the like. Does any proper relation exist 
between the machine-tool designer and the user in the 
automotive industry? I believe that if some of these 
points were discussed we could develop a more friendly 
relation between the designer in the machine-tool indus- 
try and the men in the automotive industry who redesign 
or alter the machines. 

BE. R. STODDARD :—Supplying information to the builder 
of the machine-tools to help him improve his product 
is the regular practice. We do that repeatedly, 
unsolicited. If a machine-tool is giving us constant 
trouble and we work out some device or alteration that 
will overcome that difficulty, we make it a practice to 
write to the manufacturers about it, and they are grate- 
ful for the information. In almost every case, when a 
subsequent order has been placed for a machine-tool of 
the same kind, the builders have incorporated the sugges- 
tion in the design, which leads me to believe that the 
machine-tool builders are as interested as the production 
men are in keeping the machine-tool on the job. I have no 
complaint to make against the designers or the builders. 
My remarks in the paper were simply recommendations 
which, if observed, would, I believe, give us much better 
results. 

When Mr. DuBrul said that the machine-tool designer 
has the problem given to him to design a machine and 
incorporate in it the brains that used to go with the 
operator, he hit the nail on the head, because that is 
really the case. The difficulty of the user is that he can 
hire only non-skilled help to operate the machines. This 
is why I stress lubrication so strongly. A man who is 
unskilled has no regard for his machine; he uses it on a 
piece-work basis with the idea of producing a certain 
number of parts per hour, and the result is that he does 
not stop to grind his cutters or his drills and does not 
lubricate any more than he has to, therefore it is neces- 
sary to incorporate what used to be supplied by the 
brains of the operator into the machine-tool itself. 


OPERATORS RELIEVED OF FREQUENT OILING 


E. K. MorcAn’:—Has the Studebaker Corporation a 
definite program for oiling different machines and a 
definite time for making tool changes and periodical ma- 
chine inspections? 

Mr. StoppARD:—We have taken off individual sight- 
feed oil-cups and bought manifold oilers by the hundred 
and put them on the machines with copper tubes leading 
to the various bearings so that an operator can pour in a 
quart of oil at one time. He will not go over the machine 
to find the little oil-holes and oil them; we have learned 
that to our sorrow, so we put manifold oilers on the 
machines so that the men can forget lubrication for the 
rest of the day. 

*Engineer, Sundstrand Machine Tool Co., Rockford, Il. 


5° M.S.A.E.—-Designer, Ingersoll Milling Machine Co., Rockford, IIl. 
*M.S.A.E.—Consulting engineer, Detroit. 
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Mr. MorGAN:—I noticed that the Studebaker plant at 
South Bend has a sign in every department and on prac- 
tically every machine showing the time that the machine 
should be oiled. 

Mr. DUBRUL:—That illustrates what I have said. This 
corporation buys and puts on these lubricators itself at 
extra cost, and they are worth putting on, but they are 
excrescences on the machines. It seems to me that every 
machine-tool should have as much automatic lubrication 
as possible built into the machine; it will be needed more 
and more as time goes on. But the user must expect to 
pay for the lubricators. 

I think it is a social fact that we have outrun the 
supply of natural talent and skill in this Country. Look 
at any construction job in the street; instead of a Negro 
or a Balkan immigrant digging up the pavement with a 
pick, the laborer uses a compressed-air drill. He may be 
only mechanically minded enough to swing a pick, but 
that mechanical device is put into his hands because it 
multiplies his muscular power and increases his output. 
But the compressed-air pick needs a mechanic some- 
where around to keep it running. It increases the 
necessity for mechanical skill. The same is true with all 
kinds of machinery that is being brought out in this 
Country to replace manual power and to replace skill and 
intelligence. In the modern machine-tool we are replac- 
ing the highest degree of mechanical skill and intelli- 
gence with automatic controls. Recently I was told of 
the advantages of a new automatic control on a certain 
machine. Formerly it required a year for the training 
of a skilled mechanic to get the best use out of the 
manually controlled machine. Now, with the automatic 
control, a man can be trained in 1% hr. Whether it is by 
automatic lubrication or interlocks, or controls, if we can 
replace human intelligence, carefulness and interest by a 
mechanical device, we shall be able to produce more of 
the good things of life with less waste and at less cost. 

G. A. SCHREIBER’ :—I much prefer taking the responsi- 
bility for oiling out of the hands of the operator entirely. 
A large shop in Detroit has been most successful in keep- 
ing its machine-tools running 24 hr. a day during the last 
12 years by selecting some of the best mechanics from 
its repair department and having them take care of the 
oiling. They even go around during the lunch hour to 
see that the oil-cups are still on and the grease-cups have 
not been broken. I do not think that the operator should 
have a thing to do with oiling the machine. 

I believe that much good can be accomplished by the 
machine-tool builders’ sending only such salesmen and 
demonstrators as are able to show the shop men how to 
operate new machines. I recall that a number of heavy 
machines that probably cost $10,000 to $12,000 each were 
shipped by a firm of eastern machine-tool builders to a 
company in Detroit 13 years ago and that we had the 
foremen and operators listen to the demonstrators tell 

how to take care of these radical new machines and the 
precautions to be observed. The builders sent demon- 
strators who were experienced and who helped to select 
some of the men for foremen to run this department of 
the factory. Out of four or five of these very special 
machines they developed an almost universal machine 
that is used today in all the large shops. Such demon- 
strators have made good very often in Detroit; one of 
the men sent out from the New England States 15 or 16 
years ago is now the works manager of one of the largest 
shops in Detroit. He attributes his success to his 
ability to get close cooperation and to help in team-work, 
which is the only key to success. 
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INTERCHANGEABLE UNITS WOULD SAVE REPAIR TIME 

CHAIRMAN W. G. CAREINS:—I believe that the Hudson 
Motor Car Co. has in effect some system of periodical 
inspection of its machine-tools. Will someone from the 
company tell about it? 

A. P. EMMERT’:—We penalize the men. If they are 
careless, one or two supervisors are put in the depart- 
ment to see that the machines are cleaned or oiled, and 
the operators understand that their earnings will be 
affected. This has been the most effective way of assur- 
ing better service on oiling and cleaning. 

Regarding machine-tool designing, I think that de- 
signers lose sight of the application that is to be made 
of the new machine. After the machine is finished, it is 
assembled and run for a time in its bearings, then when 
the machine is delivered to the purchaser it is found, 
after about an hour’s run at high feeds and speeds, that 
all the oil-holes are covered and filled with chips that 
cannot be removed readily. The builders do not provide 
enough chip clearance nor place the oil-leads in the right 
places. 

In connection with the repairing of machinery, I have 
found that in high production the important object is 
to get the machine running again quickly. Often a broken 
gear is replaced and the machine is started in a short 
time, when it might be better to overhaul the machine 


Superintendent, axle plant, Hudson Motor Car Co., Detroit 
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and find out if some other part needs repairing. This 
would avoid making repairs frequently. Much time could 
be saved on repairs if the units such as feed-boxes could 
be made interchangeable. This is done on some machine. 
tools but not to the extent it might be carried. 

Mr. MorGAN:—The program for changing tools hag 
not been covered. I know of one plant in which the 
drills are changed every 24 hr. In another they are 
changed twice a day, as it has been found economical 
both in tool cost and in machine upkeep. In other plants 
the tools are run until they stop cutting, which is ex. 
pensive both in total cost and in stoppages of the equip- 
ment. 

Mr. STODDARD:—The decision as to when a tool shall 
be ground rests with the operator or the job-setter in the 
Studebaker plants. He is expected to use his judgment 
of the quality of the work produced, which is the best 
evidence of whether a tool is cutting freely and cleanly. 
I do not see how we could carry out any plan of periodic 
tool-changing. In machining cylinder-blocks, for in- 
stance, we start with a set of new cutters in the morning 
and may run 50 cylinder-blocks and the cutters will work 
well. Then, when we start in the afternoon, if there 
happens to be a hard spot in the first cylinder-block, we 
may have to stop. It is impossible to predetermine 
how often it may be necessary to change the tools. This 
is a matter in which I am not so well versed, however, 
as my task is to keep the machine-tools running, and that 
is sufficient. 


CRAFTSMANSHIP 


/ WORTHWHILE result is the preservation and trans- 

mission to a new generation of mechanics of the un- 
written teachings that were current among the skilled of 
many crafts a generation ago but that today are the heritage 
of a diminishing few. The soul of a craft resides in such 
teachings and traditions, and without a knowledge of them 
the craftsman is little more than a skilled laborer. Foster- 
ing these may contribute to a renaissance of craftsmanship 
at a time when many have almost been ready to give up 
hope. 

Of recent years the American born and educated boy has 
been reluctant to enlist in the ranks of the craftsmen. Too 
often he has succumbed to the lure of the white-collar job, 
bent upon the superior (?) social standing that he has 
associated with the office worker. Frequently, indeed, he 
has been willing to make this choice at an actual sacrifice 
in financial return, all for the sake of the intangibles that 
he has believed to be involved. Lately, however, this idea 
has been severely jolted and complacency has begun to 
waver. The mechanic has prospered while the lot of the 
white-collar worker has become less and less enviable. To- 
day the young man is wondering and in many cases it will 
take a slighter push than has been required heretofore for 
him to reach a decision favorable to the craft as against the 


rlerical job. 
push may be 
commissions, 


And we are inclined to think that that slight 
developed by the work of the apprenticeship 
provided only that their members are alive to 
the human factors bound up with their enterprise. 

The young men who complete successfully the prescribed 
courses in the classroom and the field should be imbued with 
the dignity of their calling, and the community in general 
should be taught to appreciate the essential worth of a 
competent craftsman. Within the young journeyman must 
be instilled that pride of craft which alone can lead to the 
highest efficiency and achievement and in the community 
must be instilled a new respect for the American mechanic. 
Through such a process only can we break down the arti- 
ficial and unhealthy prejudice in favor of the white-collar 
job—all too often a non-productive job, of which industry 
already is saddled with an overplus. Given a public imbued 
with the old-fashioned American respect for the competent 
craftsman, we need fear no dearth of skilled mechanics that 
will be a credit to themselves, their trades, their employers, 
and the community. Today the problem is not essentially 
one of wages; it hinges in large measure on the human ele- 
ment and will yield to treatment that holds that element 
in the forefront of consideration.—E. J. Mehren in Engineer- 
ing News-Record. 





DETONATION CHARACTERISTIC 


N printing the Annual Meeting paper by Samuel P. Mar- 
ley, Donald R. Stevens and W. A. Gruse, with the above 
title in February, 1927, issue of THE JOURNAL, an unfor- 
tunate error occurred in connection with Fig. 1. This 


5 OF PETROLEUM MOTOR-FUELS 


illustration, which appeared on p. 215, was inverted. The 
error is, of course, perfectly obvious to anyone who is at 
all familiar with the subject of the instruments used for 
measuring detonation. 
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A Method of Measuring the Cushioning 


— 


By J. F. Purpy' anp R. B. Day! 


_ 


ABSTRACT 


IRES of high shock-absorbing capacity greatly re- 

duce the blows delivered to roadways by heavy 
vehicles and the reactions on the vehicles; they also 
absorb most effectively the shocks in a vertical direc- 
tion that are the cause of the greatest discomfort to 
passengers. With a view to making a laboratory 
study of these shock-absorbing properties of tires, an 
instrument called a bounce-recorder has been devised 
and is described. This instrument records the paths 
followed by tires in passing over obstacles placed in 
their way. From these records, the vertical accelera- 
tion of a tire at any point of its flight can be deter- 
mined, the purpose of doing so being twofold, namely, 
to develop an accurate and fairly rapid means of as- 
certaining the relative shock-absorbing capacities of 
tires by the acceleration method and to find out 
whether load-deflection tests made on the Olsen test- 
ing-machine could be used for the same purpose. 

The details of construction and method of operation 
of the bounce-recorder are described, the manner of 
analyzing the results of the tests is explained, and 
curves are plotted to visualize these results. Inasmuch 
as the tests showed that for all practical purposes the 
initial vertical acceleration is a fair indicator of the 
cushioning quality of a tire, a short method was 
adopted which was far less laborious than the double 
differentiation method originally used, yet was suffi- 
ciently accurate to classify tires in the order of their 
shock-absorbing capacities; this method is also ex- 
plained. With regard to the relative value of static 
and dynamic tests as a means of determining the com- 
parative shock-absorbing capacities of tires, the con- 
clusion is reached that whenever any two tires designed 
for the same service and differing slightly in road 
quality are tested, the static and the dynamic tests 
always distinguish these capacities in the same order. 


ASE of riding is due largely to the cushioning 
quality of tires. Blows delivered to roadways by 
heavy vehicles and their reactions on the vehicles 
can be greatly reduced by the use of tires of high shock- 
absorbing capacity. Automotive engineers are generally 
agreed that the car motion causing the greatest discom- 
fort is in a vertical direction and that a measure of the 
vertical acceleration of a car, as it passes over an ob- 
stacle, is a measure of this discomfort. It is shock in a 
vertical direction that tires absorb most effectively. 
Various instruments have been devised to record ver- 
tical accelerations, many of them being constructed for 
the purpose of measuring the shock felt in the car rather 
than of studying separately the shock-absorbing proper- 
ties of the tires. In our work we were interested pri- 
marily in tires; hence we made use of an instrument 
adapted to the laboratory study of their shock-absorbing 
properties. This instrument recorded the paths followed 
by the tires in passing over obstacles placed in their way 
and was commonly called a “bounce-recorder.” From 
these records the vertical acceleration of a tire at any 
point of its flight could always be determined. Our 
purpose in beginning the work was twofold: (a) we 


_—. 


*Research laboratory, Goodyear Tire & Rubber Co., Akron, Ohio. 
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Illustrated with DRAWINGS AND PHOTOGRAPHS 


wished to develop an accurate and fairly rapid means of 
determining the relative shock-absorbing capacities of 
tires by the acceleration method and (b) we wanted to 
determine whether load-deflection tests, made on the 
Olsen testing-machine, could be used for the same pur- 
pose. 

THE BOUNCE-RECORDER 


Fig. 1 is a photograph of the bounce-recorder and the 
machine on which the tests were made. A solid tire is 
shown mounted on a heavy steel wheel and resting on the 





Fic. 1 
A Solid Tire Is Mounted on a Heavy Steel Wheel and Rests on the 


VIEW OF TESTING-MACHINE AND BOUNCE-RECORDER 
Drum of the 
with the 


3ehind the 
Drum Is a Chute 


Testing-Machine. 


Tire and on a Level 
Top of the 


from Which Any Desired 


Obstacle Can Be Sent under the Tire. The Obstacle Is Caught 
in a Canvas Hammock Stretched over the Bounce-Recorder in 
the Left Foreground. The Hammock Is Not Shown 


drum of the testing-machine. Behind the tire, and on a 
level with the top of the drum, is a chute, A, from which 
any desired obstacle can be sent under the tire. The 
obstacle is caught in a canvas hammock stretched over 
the bounce-recorder in the left foreground. The ham- 
mock is not shown. 

Two small wire cables, B and C, are shown running to 
the two pencil-arms D and E of the recorder, one cable 
being attached to the axle at the inside of the hub and 
the other to the load. The cables transmit only the ver- 
tical motions of the axle or the load. The wheel at the 
far end of the axle is suspended by a chain, hence its hub 
is a center about which the other wheel and the axle 
rotate slightly as the obstacle passes under the tire. In 
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the work here reported, we wished to study the tires 
uninfluenced by spring action and we therefore made 
the springs of the machine inoperative by heavy shackles 
as shown in Fig. 2. 

Vertical movements of the tire or of the load are trans- 
mitted through the cables B and C, Fig. 1, to the copper- 
pointed pencils D and E and are recorded on a strip of 
indicator paper, F. The paper is drawn under the pencils 
at a constant speed by the motor G. Helical springs H 
and I keep the cables under tension at all times. A 
stationary pencil, J, traces a base-line on the moving 
paper from which ordinates of the record curves can be 
measured without regard to slight motions of the paper 
from one side of the guide-rolls to the other. A fourth 
pencil, which is not shown in the photograph and which 
is operated by a cable extending to a cam on the main 
motor-shaft, makes a mark on the paper at every revolu- 
tion of the motor. This furnishes a means of checking 
the constancy of the speed of the paper. The paper used 


for records is engine-indicator paper, furnished by the 
makers in convenient rolls. 





Fic. 2—DETAILS OF WHEEL SUSPENSION 
The Wheel at the Far End of the Axle Is Suspended by a Chain 
Hence Its Hub Is a Center About Which the Other Wheel and the 
Axle Rotate Slightly as the Obstacle Passes under the Tire As 
It Was Desired To Study the Tires Uninfluenced by Spring Action, 
the Springs of the Machine Were Made Inoperative by Heavy 


Shackles 
THE BOUNCE RECORD 

Fig. 3 shows a typical axle-movement of a tire passing 
over an obstacle. The approach, a to b, is recorded while 
the tire is rolling on the smooth drum of the testing- 
machine. The tire strikes the obstacle at 6b and begins 
to rise. The maximum shock is felt in the region bc, 
where the vertical acceleration reaches the maximum. 
The tire continues to rise to its highest point at d. The 
distance from the base-line to d is not necessarily equal 
to the height of the obstacle encountered. The tire often 
is thrown upward off the obstacle entirely. At e, the tire 
touches the drum again and comes rapidly to zero verti- 
cal motion at f, where it reaches its greatest deflection. 
In the region ef, a second rather violent shock is felt. 
which is sometimes, though rarely, as severe as the initial 
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Fig. 3 


CURVE SHOWING THE 

WHEN aA TIRE 
The Upper Horizontal Line Is Drawn by the Stationary Pencil 
and Is the Base-Line from Which Measurements of the Heights 
of the Bounce Are Made. The Lower Line Is the Record Made by 
the Timing-Pencil, the Notches Indicating Revolutions of the 
Driving-Motor. The Time Intervals and the Vertical Displacements 


TYPICAL 
PASSES OVER 


MOVEMENT OF 
AN OBSTACLE 


THE Axi 


Can Be Measured Directly from the Curve. Mathematically, the 

Vertical Acceleration at Any Instant Is Given by the Second 

Derivative of the Space-Time Function Reproduced by the Curve 
abcdef 


shock. When the springs are acting, this second shock 
is often more severe than the first. The successive waves 
gradually die out. The upper horizontal line is drawn by 
the stationary pencil and is the base-line from which 
measurements of the heights of the bounce are made, 
The lower line is the record made by the timing-peneil, 
the notches indicating revolutions of the driving-motor, 
The time intervals and the vertical displacements can be 
measured directly from the curve. Mathematically, the 
vertical acceleration at any instant is given by the second 
derivative of the space-time function represented by the 
curve abcdef. 

The argument has been advanced that such space-time 
curves cannot be used with accuracy to measure vertical 
accelerations, because they do not record accurately the 
rapid vibrations of small amplitude that accompany ac- 
celerations of great magnitude but are of very brief 
duration. Such accelerations may be of great interest 
to those who, for example, are studying axles, but are 
not, in general, of interest to riders or road builders. 
The vibrations are too small and too rapid to be trans- 
mitted through the springs of a car or through the tires 
to the road. 

For the purpose of our laboratory work, we were in- | 
terested in the rating of tires in the order of their ca- | 
pacities to shield the road or the loads from damaging 
shocks. For this reason, we were concerned with the 
fundamental curve rather than with the fine-grained 
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FG THE BouUNCE CURVE AND ITS DERIVATIVES FOR A SOLID TIRB 
After Performing the Double Differentiation, the Vertical-Movement 
Curve Was Plotted to a Convenient Scale, Using Seconds as 
Abscissas and Feet as Ordinates. The Tangents at Points on the 
Time-Distance Curve Measured the Vertical Velocities at Those 
Points. The Vertical-Acceleration Curve Was Obtained from the 
Velocity Curve by a Similar Process of Differentiation The Ordi- 


nate Drawn to the Acceleration Curve at Any Point of. Time Gives 
the Value of the Vertical Acceleration of the Tire at That Point 
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waves that might be superimposed upon it. For the 
study of this fundamental, the method employed was 
speedy and sufficiently accurate. 


METHOD OF ANALYSIS 


In actual practice, we performed the double differen- 
tiation referred to above by the usual mechanical 
method. The movement curve abcdef was replotted to a 
convenient scale, using seconds as abscissas and feet as 
ordinates. The tangents at points on the time-distance 
curve measured the vertical velocities at those points. 
The vertical-velocity curve was then plotted from the 
yalues of the tangents at points along the time-distance 
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Fic. 5—VERTICAL-ACCELERATION CURVES FOR TWoO TIRES OVER A 
TIME-INTERVAL OF 4 SEc. 
In This Case, the Obstacle over Which the Tire Passed Was 1 
In. High and 3% In. Wide. The Speed of the Tire Was 20 M.P.H. 
During the Interval Shown by the Curves. The Tire Had Passed 
over the Obstacle and Was Rolling Again on the Flywheel 


curve. From this velocity curve, we obtained the verti- 
cal-acceleration curve by a similar process of differentia- 
tion. The ordinate drawn to the acceleration curve at 
any point of time gave the value of the vertical accelera- 
tion of the tire at that instant. Fig. 4 shows the bounce 
curve and its derivatives for a solid tire. Fig. 5 shows 
vertical-acceleration curves for two tires over a time- 
interval of 1% sec. In this case, the obstacle over which 
the tire passed was 1 in. high and 3% in. wide. The 
tire speed was 20 m.p.h. During the interval shown by 
the curves, the tire had passed over the obstacle and 
was rolling again on the flywheel. 

Similar acceleration curves were plotted for numerous 
tires to determine whether the secondary shocks were 
as intense as the initial shocks. Although in some cases 
the secondary shocks were fully as severe, these cases 
were very rare. As stated above, severe secondary shocks 
occur when the springs are acting. In no case did any 
tire having a lower initial shock-intensity than another 
show a higher secondary intensity. We were then satis- 
fied that, for all practical purposes, the initial maximum 
vertical-acceleration was a fair indicator of cushioning 
quality. 

Having reached this conclusion, we were in a position 
to adopt a short method that was far less laborious than 
the double differentiation method, yet was sufficiently 
accurate to classify tires in the order of their shock- 
absorbing capacities. Assuming the vertical acceleration 
of the tire to be constant over a small region be, Fig. 3, 
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\ 
Fic. 6—DERIVATION OF THE FORMULA, h—at?/2, FOR A PARABOLA 


In This Formula h and t Are the Ordinates of Any Point p on the 
Parabola, and a Is the Constant Vertical-Acceleration of the Moving 
Point p, Thought of as Tracing the Parabola 


that section of the bounce curve would be part of a 
parabola having its apex at b and its axis vertical. 

The formula for such a parabola, Fig. 6, would be 

hk = af /2 

where h and t are the coordinates of any point p on the 
parabola and a is the constant vertical-acceleration of 
the moving point p thought of as tracing the parabola. 

More briefy, 


a = d@h/dt 
from which is obtained the solution 
h = at’, 2 


Using the formular, h = at’/2, a chart of parabolas 
was plotted having values of a running 10, 20 and 30 ft. 
per sec. per sec. and covering the entire range of vertical 
accelerations met with in pneumatic and solid tires. 
When photographed, the chart was reduced to the exact 
scale of the bounce records. A positive was then made 
on a photographic film, giving a chart of fine black-lined 
parabolas on a transparent field which is reproduced as 
Fig. 7. By sliding this film chart over a bounce curve 
with the parabola axes vertical, the parabola that fitted 
the be portion of a curve, Fig. 3, most closely could al- 
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Fic. 7—PARABOLAS FOR MEASURING THE MAXIMUM VERTICAL 
ACCELERATION 


This Chart Is Plotted for Values of a Running 10, 20 and 30 Ft. 
per Sec. per Sec. and Covers the Entire Range of Vertical Accelera- 
tions Met With in Pneumatic and Solid Tires. By Sliding This 
Film _ Chart over a Bounce Curve With the Parabola Axes Vertical, 
the Parabola That Fitted the be Portion of a Curve Most Closely 
Could Always Be Selected. The Average Maximum Vertical Ac- 
celeration Could Then Be Read Directly “rom the Chart 
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TABLE 1—COMPARISON OF TIRE-CUSHIONING QUALITY BY 


VERTICAL ACCELERATIONS AND BY  LOAD-DEFLECTION 
TESTS’ 
Acceleration, 
Ft. per Sec. per Sec. 
Cleat, 1x3% In. Deflection, In 
Speed, M.P.H. Load, Lb. 
Tire 10. 35 20 7,000 10,000 
Group 1 
36 x 7-In. Cushion 42 5 71 1.58 1.78 
34 x 7-In. Cushion 52 93 108 1.26 1.66 
36 x 7-In. Cushion 83 136 198 1.14 1.33 
34 x 7-In. Cushion 80 187 248 1.10 1.28 
Group 2 
34 x 6-In. Solid, New 73 105 188 1.07 1.32 
34 x 6-In. Solid, 
24 Per Cent Worn 115 254 395 0.75 0.88 
34 x 6-In. Solid, 
31 Per Cent Worn 144 390 0.55 0.69 
34 x 6-In. Solid, 
34 Per Cent Worn 140 320 0.60 0.73 


2?Group 1 consists of tires of the center-cavity type but 
differing considerably in construction. Group 2 consists of 
solid tires of the same type in various stages of wear. 


ways be selected. The average maximum vertical-accel- 
eration could then be read directly from the chart. This 
procedure was so simple that it was found feasible to 
read several different bounce-curves for a given obstacle 
and average them to obtain the average maximum ver- 
tical-acceleration of the tire over the bump in question. 


THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


This method gave values that checked well with the 
average maximum-values obtained by differentiation. 
STATIC LOAD-DEFLECTION TESTS 

There has been considerable diversity of opinion as 
to the value of static load-deflection testis as a means of 
determining the relative shock-absorbing capacities of 
tires. The results of tests made in our laboratory have 
shown that deflections under static load are, at best, only 
a qualitative measure of cushioning capacity. A large 
number of tires have been deflected in the Olsen testing- 
machine against a flat surface and against the same 
obstacle used in the dynamic tests. When loads approxi- 
mating the impact forces on the tires were employed, the 
tires in every case were classified in the same order with 
respect to shock-absorbing quality by the static tests as 
they were by the dynamic. They were not, however, 
placed in the same relative position on the shock-absorp- 
tion scale, and it was impossible to determine the degree 
of riding quality possessed by one tire over another from 
the static load-deflection tests. An illustration of this 
point is to be found in Table 1. As a result of our work 
with static and dynamic tests, one fact stands out with- 
out any observed reversals. Whenever any two tires de- 
signed for the same service and differing slightly in 
riding quality are tested, the static and dynamic tests 
always distinguish them in the same order. 


OVERCROWDING IN COLLEGES 


oo census of 1920 indicated that in that year no fewer 
than 5,522,082 persons, including both sexes, between the 
ages of 18 and 21 were comprised within the total popula- 
tion of the United States. Allowing for the normal ratio of 
increase in the last 6 years, this figure must now be measur- 
ably close to 6,000,000. But the total number of students 
enrolled in all the colleges and universities of the Country is 
only about 500,000. In other words, these institutions are 
now caring for only 8 per cent of those whose age would 
suggest their eligibility as students. 

Not all of the young men and women who are eligible for 
a college education in point of years are eligible in point of 
equipment and preparation. The great majority of them 
probably are not, although this is a matter upon which we 
have no comprehensive or accurate data. Of every 100 young 
Americans, how many have the mental quality to profit from 
a college education if the opportunity were given to them? 
Various answers to that question have been given, based 
upon intelligence tests which have been applied to young 
men and women in industrial establishments. A writer in 
the current issue of the Educational Record affirms that 20 
per cent is a reasonable estimate. If that be the case, about 
1,250,000 young Americans are potentially eligible for admis- 


sion to college, assuming that the ways and means are pro- 
vided, and they are being provided by the continued economic 
prosperity of the Nation. 

So that the point of saturation has not yet been nearly 
reached by the colleges. Taken as a whole, they could double 
their enrollments without exhausting the raw material that 
is available on a merely man-power basis. Of course that 
will not happen, at any rate not within the near future, be- 
cause the standards of college admission keep moving up- 
ward in self-protection. But they do not move fast enough 
to stem the influx entirely, as the figures of enrollment are 
demonstrating year after year. Many institutions have im- 
posed a maximum limit, but such action merely shunts the 
burden to other colleges that have no limitation and pres- 
ently forces the latter to a similar step. The State univer- 
sities will soon be the only ones clinging to the principle of 
the open door. Can they continue to do it indefinitely? One 
thing, at any rate, seems plain, namely, that our institutions 
of higher education have not yet arrived at the end of their 
difficulties as regards the problem of overcrowding. As a 
consequence of this the rush to the colleges is being forced 
to change is direction but not its intensity.—Harvard Alumni 
Bulletin. 


LABOR PRODUCTIVITY 


A* increase is recorded by the Bureau of Labor Statistics 
in the output of workers per man-hour during the 
period from 1914 to 1925. Productivity in the manufacture 
of rubber tires increased at a very rapid rate, the output in 
1925 being three times that in 1914. During the same 
period revised figures for the iron and steel industries show 
that the output per man-hour increased about 60 per cent. 


Throughout all of the studies of the various industries made, 
the rubber-tire industry has shown a greater rate of increase 
than any other industry thus far studied, although the rate 
in the automobile industry is almost as great. Complete 
figures on which these statements are based are available 
from the Department of Labor, City of Washington.—Bulle- 
tin of American Engineering Council. 
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Selecting an Air-Cleaner 


By A. H. Horrman' 


— 


ABSTRACT 


NIELD tests of the comparative efficiency of air- 
k cleaners are sure to be unreliable; on the other 
hand, laboratory tests make certain types of air- 
cleaner appear to be more satisfactory than the real 


facts warrant. But it can be assumed that an 
air-cleaner which shows low efficiency with fine 
air-floated dust from soil will not show high or 


even good efficiency in actual service. Likewise, one 
that shows high restriction may show much higher 
restriction after it has absorbed a quantity of dust 
such as floats about a tractor in the field or a truck 
on the road. These variations are attributed largely 
to the difference in the duration of the tests, to the 
presence of different conditions, or to the fact that the 
form of attachment when in operation is not suited to 
the cleaner. 

The importance of high efficiency and low restriction 
is emphasized, and the requirements to be consid- 
ered in order to obtain satisfactory operation are 
enumerated, including such points as interference with 
the proper functioning of the air-cleaner, the amount 
of attention it requires, its behavior if neglected for 
a long time, the variation of the vacuum effect after 
dust has collected, the number of moving parts, the 
effect on their operation of being clogged with oil and 
dirt, the amount of space required for the installation 
of the air-cleaner, the position of the intake, the effect 
of back-firing, and the like. 

The characteristics of various types of air-cleaner 
are described, including the plain dry type, the plain 
oily type, both self-washing and not self-washing, the 
inertia type, most of which are of the dry centrifugal 
type, and the water type. The necessity for properly 
locating the air-intake is stressed, if clean air and a 
long and satisfactory engine-life are to be secured. 
Differences as great as ten to one in the amount of 
dust encountered are said to occur at times between 
two positions under the hood of the same engine. 
Methods and materials for mapping the amounts of 
dust to be found in various positions inside and out- 
side the hood are indicated. 


N view of the fact that many inquiries concerning 
, air-cleaners have been received from manufacturers 
whose product includes internal-combustion engines, 
it seems desirable to state a few points that should be 
borne in mind in selecting an air-cleaner. We have often 
been asked to suggest air-cleaners that would be satis- 
factory for use on specified engines and have been glad 
to comply with these requests, feeling that by so doing 
we were serving the best interests of both the maker and 
the user of automotive machinery. This article is in- 
tended to meet broadly the apparent need of information 
on this subject. 


LABORATORY VERSUS FIELD TESTS 


The Agricultural Engineering Division of the Uni- 
versity of California has made three series of air-cleaner 





‘i ‘Asticultural engineering division, University of California, Davis, 
Cal. 

*See Agricultural Engineering, June 
DP. 109; also Transactions of the 
Engineers, vol. 16, p. 50 


1923, p. 89 and July, 1923, 
American Society of Agricultural 
; and University of California Agricultural 


“xperiment Station Bulletin No. 362. 
*See THE JouRNAL, August, 1924, p. 140. 
aa THE JOURNAL, August, 1924, p. 140; and February, 1925, p. 
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tests, one in 1922’, one in 1924’, and a third, covering 
radiator fan-type cleaners in 1926. Two sets of road 
tests of certain cleaners were also made*. Our experi- 
ence since the first series has confirmed our conviction 
then stated* that a field test of the comparative efficiency 
of several cleaners is sure to be unreliable. On the other 
hand, experience has also shown that a laboratory test 
may make certain types of cleaner seem more satisfac- 
tory than the real facts warrant. It may be confidently 
assumed, however, that an air-cleaner which shows low 
efficiency in a laboratory test involving the use of fine 
air-floated dust from soil will not show high or even 
good efficiency in actual service. Likewise, one that 
shows high restriction, after it has taken in a given 
quantity of such dust, will not show low restriction and 
may show much higher restriction after it has absorbed 
a similar quantity of dust such as ordinarily floats about 
a tractor in the field or a truck on the road. 


LIMITATIONS OF LABORATORY TESTS 


In a laboratory test, it is difficult, and may even be 
impossible, to reproduce some of the conditions that will 
be present in service. A few examples should make this 
clear. A laboratory test may necessarily be of short 
duration. It happened in a test of one dry-filter-type 
cleaner that the portion of the 50-gram standard-dust 
sample that passed through the cleaner in the 30-min. 
test-run was so small that it was almost unweighable, 
while the same cleaner installed on a truck in road ser- 
vice during a period of 6 months allowed about one- 
half the total dust encountered to pass through it*. This 
cleaner had rather loosely woven filter-material, which 
stopped the dust for a time, but, probably because of 
vibration, allowed it gradually to work through. An- 
other cleaner of a somewhat similar type showed re- 
markably low restriction in the laboratory, where the 
entering air was dry and free from oily vapors. The 
same cleaner, when oily vapors or fog are present, has 
been found again and again to clog up so badly in ser- 
vice that the driver has been compelled to remove the 
cleaner in order to have power enough to haul his load. 
Still another cleaner showed high efficiency and fair re- 
striction in the laboratory, but failed on a certain com- 
mercial installation, wholly because the design of the 
attachment was such that the cleaner could not function 
properly. 


WHAT TO LOOK FOR IN AN AIR-CLEANER 


The motor-vehicle manufacturer in search of a satis- 
factory air-cleaner for use on his product should demand 
high efficiency, preferably above 90 per cent, and low 
restriction, or vacuum effect, preferably measured by 
less than 3 in. of water when the engine is developing 
its rated load. These having been found, as shown by 
laboratory tests made by disinterested parties, he should 
make sure that the cleaner in question can be installed 
satisfactorily. He should next study the cleaner and 
its operation, to determine whether its functioning is 
liable to be interfered with by any condition that may be 
present in the proposed installation. Next, he should 
ask: Will it require more attention and care than the 
least energetic operator would presumably give it? How 
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will it behave, if entirely neglected for a long time? 
Does it maintain its high efficiency constant for an in- 
definite period? If not, for how long will it do so? Is 
its vacuum effect the same after considerable dust has 
been handled? Does it have any moving parts? If so, 
how soon will these cease to operate satisfactorily be- 
cause of wear, lack of lubrication, or loading with oil 
and dirt? Are there any small passages that will be- 
come clogged with dirt or carbon or with leaves or in- 
sects? Does it occupy too much space? Is it of such 
construction that the intake can be placed in the posi- 
tion where the least dust will be encountered’? Will it 
satisfactorily take care of the auxiliary air-inlets to the 
carbureter? Will a back-fire probably destroy it? 

It is hoped that the following discussion of types and 
their characteristics may assist in -answering some of 
the foregoing questions. 


CHARACTERISTICS OF VARIOUS TYPES OF AIR-CLEANER 


Plain dry filters, if the material is loosely woven or 
packed, may stop practically all the dust at the start, 
but later may release the dust previously caught and 
allow it to pass into the engine. If, on the other hand, 
the material is exceedingly closely woven or felted, it 
may continue indefinitely to stop practically all the dust; 
but the vacuum effect is liable to increase to such an 
amount that loss of engine power will result and cause 
the driver to remove the air-cleaner. This is especially 
the case if oily vapors can reach the filter. 

Plain oily filters, not self-washing, if of loosely packed 
material, may start with high efficiency and low restric- 
tion. Unless frequently washed and reoiled, the fibers, 
or meshes, of the filter along the passages of least re- 
sistance will soon be covered with dust. Soon all the 
oil on these fibers will be absorbed; a little later, the 
dry dust passing through will wear off the encrusted dust 
from the fibers and polish them clean, leaving small dry 
tunnels through the filter. Thereafter, the coarsest dust 
and only a small percentage of the fine dust will be 
stopped. 

If the oily filter-material is closely packed, the cleaner 
will probably maintain high efficiency with higher and 
higher vacuum effect. As the vacuum increases, the 
filter unit may be forced out of its usual position, leav- 
ing passages between it and the walls of the container. 

If filter elements must be taken out and dusted or 
washed, either in water or in gasoline, holes are liable 
to be made in the filter material, particularly if it is 
felt or cloth and the surface is unprotected, as by a 
screen. The writer has seen such filters so full of holes 
that the dust-separating efficiency, instead of being near- 
ly 100 per cent as at first, was reduced to about 50 per 
cent. 

EFFICIENCY AND VACUUM EFFECT MAINTAINED BY SELF- 
WASHING OILY FILTER 

A self-washing oily filter, whether of organic fibers, 
kinked wires, or expanded-metal screens, maintains its 
original efficiency and vacuum effect constant so long as 
the washing fluid, usually oil, is doing its work. If the 
oil must be pumped, or otherwise lifted, in order to 
reach and wash the filter, the pumping device may be- 
come clogged, or, if there is a moving part, it may wear 
and become inoperative. If centrifugal action is de- 
pended upon to carry up the oil, the action may cease, 
if too high viscosity in the oil results from cold or from 





®See THp JOURNAL, May, 1925, p. 501 
ing, January, 1926, p. 12 
*See THe JOURNAL, Mart 
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the evaporation of volatile components; or the action 
may not take place at all, if oil of too high original Vis- 
cosity is used. In any self-washing oily filter, action 
will cease when the whole volume of oil in the reservoir 
is absorbed by the dust that is caught. Thereafter, the 
cleaner will act exactly as a plain oily filter, the limita- 
tions then being those already mentioned for that type, 

How long the cleaner will serve before all the oil is ab- 
sorbed depends upon (a) the volume of the oil, (b) the 
average rate at which the air is drawn through by the 
engine, (c) the average dustiness of the air, (d) the 
position of the air intake. Since all these factors may 
vary widely, it is that no definite time can be 
specified. The writer has known of a cleaner of this 
type that functioned satisfactorily on an automobile en- 
gine for 2 years without any attention whatever. On 
the other hand, when used under extremely dusty con- 
ditions on a tractor, the same type has been known to 
catch so much dust that it required that the dirt and 
dirty oil be emptied daily from the reservoir. In one 
case of this kind, the addition of a tube that raised the 
intake position only 24 in. above its normal level changed 
the time between clean-outs from 1 day to 10 days. Data 
on the dust entering the carbureter per mile have been 
given in a report on the 1924 Air-Cleaner Tests.° 

If a filter of organic fibers is used, the fibers, if loose- 
ly packed, may wear and break, due to vibration, or may 
rearrange themselves so as to leave relatively large 
passages through which the air may pass uncleaned. In 
some cases, it is possible that oil may cause or hasten 
disintegration of the fibers. 


clear 


INERTIA-TYPE CLEANERS 


Inertia-type cleaners, almost all of which are of the 
dry centrifugal type, are in general not highly efficient. 
Usually the vacuum effect is fairly low and nearly con- 
stant throughout a long period of use. If an attempt is 
made to increase the efficiency to a value higher than 
about 75 per cent in a centrifugal cleaner having no 
moving parts and no suction device to eject the sep- 
arated dust, the higher efficiency is usually secured by 
restricting the area of the inlet passages so as to in- 
crease the air velocity at the places in the cleaner where 
the separation of the dust takes place. This results in 
increasing the vacuum effect. If there are moving parts, 
they may become worn or loaded with accumulations of 
dust and oily vapors so that the action may be impaired, 
or cease entirely. If gas from the exhaust manifold is 
used to blow out the separated dust, the efficiency may 
be about 90 per cent. In cleaners of this kind, carbon 
is almost certain to accumulate in the venturi throat on 
the action of which the functioning of the ejector de- 
pends. If an engine is in good condition, however, and 
has little carbon in the exhaust, the throat of such a 
cleaner should not clog up oftener than once in 4 to 6 
months of normal operation. Inertia-type cleaners using 
the blast from the radiator-fan as an auxiliary have the 
limitations common to the inertia type and, in addition, 
are handicapped in that they must necessarily be placed 
where the dust concentration is greater than at some 
other places under the same hood. This is made clear 
in a subsequent paragraph 


WATER-TYPE CLEANERS 


Water-type cleaners are used on many tractors, but 
are generally too heavy and bulky for use on road ve- 
hicles. Even for tractors, they are becoming rather un- 
popular, chiefly on account of (a) the large amount of 
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eare and attention required, (b) the tendency of some 
types of construction to get out of order, (c) the danger 
of freezing, (d) the danger, under certain circumstances, 
of water passing over into the carbureter, and (e) the 
large water requirement under arid conditions. Some 
makes have given excellent service on tractors, due to 
(a) extra large water-capacity, (b) sturdy construction 
of the interior parts, (c) adequate provision against 
clogging by chaff, leaves and insects, and (d) care in 
placing the air-intake to avoid the bulk of the dust. 
POSITION OF THE AIR-INTAKE 

It cannot be too strongly emphasized that the position 
of the air-intake is of the utmost importance, if satis- 
factorily cleaned air and, consequently, long and satis- 
factory engine-life are to be secured. Simple and easy 
methods of determining the dust concentration at various 
points under the hood and around the engine of any 
particular machine have been devised for automobiles’ 
and for tractors’. A conservative estimate would be 
that differences as large as 10 to 1 can sometimes be 
found in the amount of dust encountered in two posi- 
tions under the hood of the same engine. Differences 
even larger than these can be found between that at 
the normal air-intake position of certain small tractors 
and that at a point a few feet above the normal position. 

Since the articles’ describing these methods of dust 
mapping were published, additional tests have indicated 
that a more satisfactory screen for placing in a trans- 
verse vertical plane under an engine hood can be made by 
using strips of thin white felt 1%, in. wide and lightly 
oiled, placed on frames made of %4-in. round iron rods, 
the strips being woven into a network the meshes of 
which are square and approximately 114 in. center to 
center. White mosquito netting used for the same pur- 
pose was unsatisfactory, being too coarse of mesh and 
too fine of thread; cheese-cloth also was unsatisfactory, 
being too small of mesh; white hospital gauze gives fairly 
satisfactory results but not so satisfactory as the screen 
made from strips of white felt. 

For mapping the dust outside the hood, as, for ex- 
ample, around a tractor, white muslin, lightly oiled, has 
been found satisfactory. White felt, lightly oiled, would 
undoubtedly be highly satisfactory, perhaps better than 
muslin. In studying dust distribution under the hood 
of an engine, or wherever strong air-blasts are met, it 
should be borne in mind that any obstruction in the path 
of the dusty air will act as a dust shield for the space 
in the lee of it. Hence, if no air-cleaner is to be installed, 
the amount of dust drawn in may conceivably be re- 
duced considerably by the simple expedient of turning 
the carbureter inlet backward, if it was forward in the 
original installation. A still more marked reduction 
might be secured by using a tube extending from the 
cleanest place under the hood to the air-inlet of the 
carbureter. 

THE DISCUSSION 

R. H. STALNAKER™’:—We have noticed a very sharp 
increase in the consumption of gasoline when an engine 
equipped with an air-cleaner of the filter type is used 


*See THE JouRNAL. May, 
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to drive a rock-crusher, and have had to take off the air- 
cleaner in some cases. Dust conditions are very severe 
and the operators simply will not keep the cleaners free 
from dust. In the desert country, the large water-con- 
sumption of water-type cleaners is a problem, particu- 
larly in tractor service. In many cases, it is hard to 
get water enough to keep the radiator filled. 

A MEMBER:—About 3 years ago I worked on the solu- 
tion of some of these problems in the Middle West. It 
seems as if the solution of the problem lies in giving the 
operator something that he will take care of. The final 
result was that the intake was raised over the tractor. 
The cleaner used was of the cyclone type and had a felt 
collar that was removable. The breather had a fiber- 
type filling that could be cleaned out if desired. 

S. B. SHAw":—Professor Hoffman stated that he used 
a standard dust. I presume this was a mixture of dust 
of different proportions of varying degrees of fineness. 
If that was the case I should like to know whether or not 
a separation seemed to take place between the dusts of 
the varying degrees of fineness when they passed through 
filters of the inertia type. In other words, does the dust 
that passes through the cleaners consists of only the 
very fine particles, or is it a uniform mixture such as the 
test dust is made of? 

ProF. A. H. HOFFMAN:—We have not gone fully into 
that subject. Grading the sizes of the particles is ex- 
tremely difficult. We have used a micrometer-microscope 
and have measured the average size of dust particles 
settling from the air upon microscopic slides placed at 
intervals of 2 ft. and from 2 to 12 ft. above the road 
surface. We found a wide range of particle size on all 
the slides, but more particles per square millimeter at 
the lower levels. The smaller particles are the ones that 
would pass more readily through a dry-centrifugal-type 
cleaner. C. E. Summers” has explained clearly how min- 
ute dust particles behave. 

A MEMBER:—We have tried to determine whether cen- 
trifugal action took out the smaller particles. Centrifu- 
gal action acts better on small particles than on the 
larger ones. 

H. L. HIRSCHLER™:—The idea of exposing a fresh sur- 
face to the air-stream as the original surface clogs up 
might be used on the air-cleaner. 

PROFESSOR HOFFMAN:—At the laboratory I have a 
cleaner of that sort made by the Mid-West Air Filters, 
Inc., of Bradford, Pa. It is only an experimental model 
but it seems to have considerable promise. It has 91-per 
cent efficiency and °4-in. restriction. It is very simple. 
Seven discs of expanded metal are mounted rotatably on 
a horizontal shaft with their lower segments dipping into 
oil. The air passes through the staggered spaces in the 
discs and the oil washes off the dirt. It is conceivable 
that, with a few more discs and a little more surface 
area, considerably higher efficiency might be obtained 
without increasing the restriction. A test of an air- 
cleaner of a similar sort is now being made in India. 

A MEMBER:—Does any air-cleaner use the agitation 
of a screen, rather than a washer, to remove the dirt? 

PROFESSOR HOFFMAN:—I do not know. I have heard 
of one or two but have not seen them. 

A MEMBER:—Has the electric type of cleaner proved 
satisfactory ? 

PROFESSOR HOFFMAN:—J. B. Emerson, of New York 
City, has been working for several years on a cleaner of 
that type but is not yet ready to give out information. 

A MEMBER:—Two coaches, one having an engine 
equipped with an air-cleaner and the other without, were 
driven 400 miles a day in opposite directions. At the 
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end of 30,000 miles the valve-seats and pistons of the 
engine without the air-cleaner needed regrinding. In 
the coach with the engine equipped with an air-cleaner, 
after traveling 100,000 miles, not a valve needed to be 
ground. 

A MEMBER:—We have not made many exhaustive 
tests. Our first was made in the Imperial Valley. Be- 
fore we put on an air-cleaner, we had to call a certain 
car in every 10 months for overhauling the engine. 
After putting on an air-cleaner, we operated the car for 
17 or 18 months without overhauling it. We have ad- 
vanced the overhauling of White trucks in the Sacra- 
mento and Imperial Valleys from 1 year to 2 years. 

E. C. Woop" :—We have been carrying on some tests 
and have one car in particular on which we made a test 
for 23,000 miles. We ground the valves only once. Since 
the installation of air-cleaners, we have materially de- 


creased the repair cost of air-compressors. In the next 


few months we shall probably have some interesting 
stories, from an operating standpoint. 
A MEMBER:—My experience -has been that an air- 


cleaner is of great benefit when there is an excessive 
amount of moving air, such as wind. We were not able 
to find an air-cleaner that was particularly efficient; 
they caused the use of too much gasoline. We put a 
stand-pipe 6 ft. above the driver and ran one whole 
summer without trouble. An air-cleaner is necessary on 
extremely dusty jobs. I have found that the air-cleaner 
made with felt restricted the air so much that it affected 
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mentioned, in which the air passes through hair or some 
material of that kind, we have found to be the most eff. 
cient and requires the least care. The power of the 
engine was not restricted and a great deal of dust was 
removed. On one job, two of the six tractor engines had 
air-cleaners and the valves have not been reground yet: 
the valves of the other engines were reground after the 
first 6 or 8 weeks of operation. 
cleaned and emptied every day. 
Mr. Woop:- 


costs of 


The air-cleaners were 


Dust is the principal reason for the high 
engine and chassis repairs. In automotive 
equipment, the oil-filler tube is so placed that it admits 
dust directly into the crankcase, the screens being often 
inadequate to keep out the dust. In a certain small car 
of popular make the filler tube is directly opposite the 
point where it should be; they picked the dirtiest place 
possible, low down close behind the fan. I feel that that 
is the answer to short engine-life. 

As vehicles become stabilized and radical changes be- 
come less frequent, equipment will no longer be dis- 
carded because of antiquated design; and long engine- 
life should be of paramount importance. 

Prolonging the life of the engine logically must involve 
lessening the wear of all the internal moving parts. To 
eliminate wear, the cause of the wear must be removed, 
We all, no doubt, have evidence that road dust is the real 
offender. Analysis of the so-called carbon deposit shows 
from 15 to 25 per cent of silicon. The combustion mix- 
ture consists of 1 part of gasoline to 15 parts of air by 
weight. Translated into terms of volume, 1 gal. of gaso- 
line burned in the engine requires more than 10,000 gal. 
of air. Its dust-carrying possibilities are obvious. 


WAGES AND PRICES 


the power. The air-cleaner that Professor Hoffman 
4M.S.A.E Superintendent of transportatior ind general shops 

Pacific Gas & Electric Co., San Francisco 

{pore purchasing power of labor is probably higher at 
present than at any other time in the history of the 

United States. And yet this increase in the consuming 


capacity of a well-employed industrial population has failed 
to raise prices and stimulate production to the point where 
the reverse movement of falling prices, curtailment of pro- 
duction, unemployment, and other signs of business depres- 
sion sets in. To give a satisfactory explanation of these 
phenomena is difficult, in the first place because the study 
of business cycles is still in its infancy, and in the second 
place because it deals with social relations that can never 
be interpreted with mathematical precision. With the sta- 
tistical information now available, even to give an accurate 
description of the course of events without attempting to 
forecast the future on the basis of the past is difficult. 

A study shows a gradual decline of real wages from 1906 
to 1918. Throughout this period money wages were rising, 
but the increase was not sufficient to offset the advance in 
the cost of living. In 1918 real wages declined to the lowest 
point reached during the entire period, although wages in 
terms of money were higher than in any preceding year. 
In the next 2 years wages rose more rapidly than the cost of 
living, and in 1920 the purchasing power curve moved above 
100 for the first time since 1911. 

In the 5 years following the boom of 1920 the need of a 
lowering of wage levels was frequently emphasized by econ- 


omists and industrial leaders as the final phase of post-war 
readjustment. The cost of living declined sharply in conse- 
quence of the general fall of prices during the deflation 
period of 1920 and 1921. Since 1923 prices have remained 
fairly stable around the new post-war level, while the cost 
of living has fluctuated within a range as narrow as 5 per 
cent between the peak and trough. Wages, however, after 
the decline that began in October, 1920, and ended in April, 
1921, continued their upward swing until they reached the 
highest point for all time in December, 1925. 

In attempting an explanation of this failure of wages to 
decline in sympathy with a receding price level, we must 
remember that wages represent, on the one hand, a part of 
the cost of production and, on the other 


, consumers’ purchas- 
ing power. 


Lower wages, while tending to curtail produc- 
tion costs, would at the same time involve reduced purchas- 
ing power and greater buying resistance on the part of 
consumers. In the United States the most important factor 
determining the volume of business is the consuming ability 
of the American public, which in turn is determined to 4 
great extent by the earning capacity of industrial labor. Ris- 
ing wages, therefore, are a most encouraging sign as long as 
they are caused by an enhanced production, sufficient to per- 
mit larger returns not only to employes but to all the other 


factors that have contributed to the Guaranty 


products. 
Surve y. 
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Possibilities of the Counterbalanced 
Connecting-Rod 


By K. D. Woop! 


oe 


DayTON SECTION PAPER 


— 


ABSTRACT 


_ considering the possibilities of the counterbal- 
anced connecting-rod, the author points out that 
(a) every automobile engine is dynamically unbal- 


anced; (b) inertia unbalance of two, four and eight- 
cylinder engines can be eliminated by counterbalancing 
the connecting-rods; (c) such engines so balanced have 
a better balance than the conventional six-cylinder en- 
gine; (d) the design of counterbalanced connecting- 
rods is practicable and adds little to the cost of the 
engine; and (e) if a counterbalanced connecting-rod is 
used, the single-cylinder engine can be as well bal- 
anced as the conventional six-cylinder engine by using 
the geared-balancer that is described. The fundamen- 
tals relating to the foregoing statements are analyzed 
mathematically. 

The geared-balancer proposed by the author consists 
of a pair of small shafts geared to run at crankshaft 
speed in opposite directions, each shaft carrying a pair 
of weights that produce a rotating centrifugal-couple. 
The center the shafts must lie in the same 
plane, which must also pass through the center line of 
the crankshaft. One weight on each shaft rotates in 
one plane and the other weights rotate in a plane that 
is parallel to and a short distance away from the first 
plane. In the instance cited, the piston center-line is 
vertical, the balancer-shafts lie in a horizontal plane 
and the weights lie in the plane of the shafts when the 
piston is on head-end dead-center. The resultant forces 
on the weights are then equal in magnitude and each 
is proportional to the square of the angular velocity 
of the crank, which is assumed to be constant. 

Because of the arrangement of the shafts, the hori- 
zontal components of the forces neutralize each other; 
the vertical components are unbalanced and are pro- 
portional to the square of the angular velocity of the 
crank times the sine of the angle of the displacement 
of the crank from the vertical. The centrifugal couple 
produced by the balancer, which is the product of the 
vertical components by the distance between the planes 
of rotation of the weights, is therefore also propor- 
tional to the unbalance of the vertical components and 
approximately proportional to the angular accelera- 
tion of the connecting-rod. Hence, the inertia couple, 
of the single-cylinder engine can be balanced as well 
as that of the conventional six-cylinder engine. 


lines of 


TWO-CYLINDER engine in which mathematically 
perfect balance was obtained by the simple de- 
vice of counterbalancing the connecting-rods was 

designed by William Pilcher, an English engineer, about 
20 years ago, according to Sharp’. Later engineers, how- 
ever, seem to have overlooked the possibilities of this 
device in the balancing of four and eight-cylinder auto- 
mobile-engines. A counterbalanced connecting-rod which 
would result in mathematically perfect balance of one 
of the light four-cylinder automobile-engines now on the 


market is shown in Fig. 1, compared with the stand- 
1, anstructor, college of engineering, Cornell University, Ithaca, 


*See Balancing of Engines, by Archibald Sharp, p. 67. 
*See Balancing of Engines, by Archibald Sharp, p. 200 
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Fig. 1- 


COUNTERBALANCED CONNECTING-Rop 


Comparison Is Made between the Standard Connecting-Rod Shown 
n the Upper View and the Counterbalanced Connecting-Rod Shown 
in the Lower View, the Latter Being Designed To Result in 
Mathes iticaliy Perfect Balance of a Light Four-Cylinder Engine 


ard connecting-rod for such an engine. While the coun- 
terbalanced connecting-rod requires a larger crankcase, 
results in higher stresses in the engine parts and probably 
prohibits the use of the splash system of lubrication, the 
end achieved may well offset these disadvantages. 

The law determining the design of the connecting-rod 
is as follows: 


Let 
L the length of the connecting-rod 
W the weight of the connecting-rod 


W, — the weight of the piston 
=the distance of the center of gravity of the 
connecting-rod beyond the center of the crank-pin, 
as shown in Fig. 1 
Then the connecting-rod is to be designed so that 
Wx = W.L (1) 

The meaning of Equation (1) is that if the piston is 
treated as a mass concentrated at the wristpin center, 
the center of gravity of the combined piston and con- 
necting-rod comes at the center of the crankpin. For a 
four-cylinder engine with connecting-rods thus counter- 
balanced, it is evident from Fig. 2 that if the center of 
gravity of the pistons and connecting-rods of cylinders 
Nos. 1 and 4 is at a, and if the center of gravity of the 
pistons and connecting rods of cylinders Nos. 2 and 3 is 
at b, then the center of gravity of all four pistons and 
their connecting-rods is at c, the crankshaft center, and 
does not move as the crank rotates. Since, as is shown 
later, the angular acceleration of connecting-rods Nos. 1 
and 4 is at every instant equal and opposite to that of 
connecting-rods Nos. 2 and 3, there is therefore neither 
inertia force nor inertia couple and perfect balance ex- 
ists. A more rigid mathematical demonstration of this 
fact is given later. 

Without such counterbalanced connecting-rods the 
four-cylinder engine is of course not in perfect dynamic- 
balance, as Sharp’ and many others have pointed out, 
since the center of gravity of the pistons and connecting- 
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rods is lower when the cranks are horizontal than when 
they are vertical, because of the angularity of the con- 
necting-rods. While the Lanchester balancer eliminates 
more than 99 per cent of this unbalance, as exemplified 
on the Willys-Knight four-cylinder engine, it does not 
give the mathematically perfect balance provided by the 
counterbalanced connecting-rod. Since every commercial 
eight-cylinder engine consists of two conventional four- 
cylinder engines combined in some way, and since the 
two four-cylinder engines do not balance each other per- 
fectly unless they are on opposite sides of the crankshaft, 
no commercial eight-cylinder engine, including the 90- 
deg. and the 60-deg. V-types as well as the eight-in-line 





*See Balancing of Engines, by Archibald Sharp, p. 204. 
5 See Balancing of Engines, by Archibald Sharp, pp. 202 and 204. 
®See Engine Dynamics and Crankshaft Balance, by G. D. Angle, 
p. 23. 
™See Engine Balance Using Exponentials, by P. Cormac, p. 23 
®*See Automotive Industries, Feb. 18, 1926, pp. 270-27 
tinaRods lard 4 
Connecting-Rods 2 
/ 
i 
\ 
\ 
Fic. 2 kxFFECT OF COUNTERBALANCING THE CONNECT- 
ING-Rops OF A FouR-CYLINDER ENGINE 
If the Center of Gravity of the Pistons and Connect- 
ing-Rods of Cylinders Nos. 1 and 4 Is at a, and If 
the Center of Gravity of the Pistons and Connecting- 
Rods of Cylinders Nos. 2 and 3 Is at b, the Center 


of Gravity of All Four Pistons and Their Connecting- 


Rods Is at ec, the Crankshaft Center, and Does Not 
Move as the Crank Rotates. Since the Angular Ac- 
celeration of Connecting-Rods Nos. 1 and 4 Is at 


Every Instant Equal and Opposite to That of Con- 
necting-Rods Nos. 2 and 3, There Is Neither Inertia 
Force Nor Inertia Couple and Perfect Balance Exists 


type, is dynamically balanced. As Sharp’ points out 
however, the 90-deg. V-type eight-cylinder engine js only 
slightly unbalanced, and the unbalance of the eight. 
cylinder-in-line engine is only a higher harmonic of the 
fourth order. Sharp’ also points out the fact that the 
conventional six-cylinder automobile-engine has an ap. 
preciable unbalanced inertia-couple because the angular 
accelerations of the six connecting-rods do not balance 
each other exactly, a fact which has been overlooked by 
Angle® and others who assume that two masses, one a 
the crankpin and one at the wristpin are dynamically 
equivalent to the connecting-rod. Cormac’ points out the 
fallacy of this assumption, showing that such a pair of 
masses generally will not have the same moment of jp. 
ertia as the connecting-rod, and is therefore not dynamic. 
ally equivalent to it. Sharp also shows that the 19. 
cylinder 60-deg. V-type engine has a slight, although 
practically negligible, unbalanced inertia-force. De. 
signers seem to have recognized this, since most of the 
1926 standard commercial aeronautic engines are of this 
type. Since the engine types already mentioned cover 
all the types of nationally known automobile engines’ 
the statement that every automobile engine made today 
is dynamically unbalanced appears to be justified. 


BALANCING OF INERTIA FORCE 


It will now be shown that the inertia force on a piston 
and its connecting-rod, counterbalanced as previously de- 
scribed, always can be balanced by a 
the crankshaft. The balancing of 
be taken up subsequently. 

In this analysis the piston is considered as a mass 
particle concentrated at the center of the wristpin. This 
is possible because every particle of the piston has the 
same motion, including displacement, velocity and accel- 
eration, as the wristpin center. The motion of the piston 
and its connecting-rod is considered as a combination of 
translation and rotation, composed of a _ curvilinear 
translation, in which all points have the same motion 
as some selected reference point, such as the crankpin 
center, point d of Fig. 3, combined with a rotation about 
this reference point d. The acceleration of any point 
of the piston and its connecting-rod, therefore, can be 
considered to consist of three components, as shown in 
the left half of Fig. 3; a component equal to the accelera- 
tion ag of the reference point because of the translation, 
plus a normal component rw’ and a tangential component 
ra because of the rotation about the reference point. 


The notation used in connection with Fig. 3 is as fol- 
lows: 


rotating mass on 
inertia couples will 


a — dw/dt, or the angular acceleration of the 
connecting-rod in radians per second per 


second 
W = the weight of any particle in pounds : 
Ig =the moment of inertia of the piston and its 


connecting-rod about the center of grav- 
ity of the piston and its connecting-rod, 
according to the various assumptions 
stated 

length of the connecting-rod in feet 

n = L/R, or the angularity ratio 





w — dé/dt, or the angular velocity of the crank 
in radians per second, assumed to be con- 
stant 

+, == d/dt, or the angular velocity of the con- 


necting-rod in radians per second 
@=the angular displacement of the connect- 
ing-rod from the vertical in radians 
y==the distance of any particle from the 
crankpin center, d, in feet 
R = the length of the crank in feet 
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Fic. 3 


DIAGRAMMATIC REPRESENTATION OF FORCES 

The Acceleration of Any Particle of the Piston or of the Connecting- 

Rod Is Shown at the Left, and the Resultant-Force System on a 

Rotating Counterbalanced Piston and Connecting-Rod Is Shown at 
the Right. The Notation Used Is Explained in the Text 


6—the angular displacement of the 
from the vertical in radians 
W =the weight of the connecting-rod in pounds 
W, — the weight of the piston in pounds 
W.—= W-+ W,, or the weight of the piston and 
and its connecting-rod in pounds 
x and y— the coordinates of any particle from the 
axes shown in feet 
the coordinates of the center of gravity of 
the piston and its connecting-rod in feet 
The force necessary to produce the acceleration of any 
particle can be considered to consist of three similar 
components, obtained by multiplying each of the com- 
ponents of acceleration by AW/g, according to the fore- 
going notation for Fig. 3, since Newton’s laws of motion 
apply to each particle. By summing up these forces 
for all the particles, thus using a method similar to that 
outlined by Wood’ and by Maurer”, the resultant force 
on the entire piston and its connecting-rod is obtained. 
Resolving the forces along the axes shown, the sum of 
the z-components of the forces necessary to produce the 
accelerations shown is 
SFr = =(AW/g) [aa 


crank 


ve and Ye = 


rw (x/r) + ra (y/r)] 


= (W,/g) [aa + arew* + yea) (2) 
If the reference point d is the center of gravity of the 
piston and its connecting-rod, x, = 0 and y- = 0; and 


if the speed of rotation of the crankshaft is constant, 
a = Rw’. Hence, Equation (2) becomes 
=Fe = (W:2/g) R#’ (3) 


Summing up the y-components in a similar manner, we 
have 
2Fy == (AW/g) [ra (x/r) —re*- (y/r)] 
= (W./g) [xca — yew” ] = 0 (4) 
Similarly, summing the components about the reference 
point d of the forces necessary to accelerate all the par- 
ticles, we have 
=Ma== (AW/g) [aay + rar] 
= (W:/g) aay + Iga 
= Iga (5) 
Equations (3), (4) and (5) illustrate the familiar 
fact that the resultant of all the external forces on the 
piston and its connecting-rod can be represented by a 
force and a couple, as shown at the right of Fig. 3, that 
is, a force through the center of gravity and a couple, 


*See Textbook of Mechanics, by E. H. Wood, Section 98; see 
also Sections 156 to 166. 
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I,a. The equal and opposite force and couple can be 
called the inertia force and couple. 

Since, as the right half of Fig. 3 shows, the inertia 
force acts through the center of the crankshaft, it can 
be balanced by a weight or a pair of weights attached to 
the crankshaft, and this is what it was proposed to prove. 
With the conventional 4, 6, 8, and 12-cylinder engines, 
if the connecting-rods are thus counterbalanced the 
inertia forces on the various pistons and connecting-rods 
balance each other, so that no weights need be added to 
the crankshaft to obtain perfect balance. With one, two 
and three-cylinder engines, counterweights added to the 
crankshaft will produce complete balance of the inertia 
forces. 

BALANCING OF INERTIA COUPLES 


However, the inertia couples due to the angular accel- 
eration of the connecting-rods do not appear to be so 
easily balanced. The balancing of inertia couples is con- 
sidered under three divisions: (a) engines with cranks 
set at 180 deg., as in the two-cylinder two-cycle, the four- 
cylinder and the eight-cylinder types; (b) engines with 
cranks at 120 deg. as in the 3, the 6 and the 12-cylinder 
types; and (c) the single-crank, single-cylinder engine. 

Considering division (a), it can be shown that the 
inertia couples balance each other, and the simple use of 
the counterbalanced connecting-rod, with a balanced shaft 
in the case of the two-cylinder engine, results in mathe- 
matically perfect balance. 

It is evident from Fig. 4 that M d equals R siné and 
also equals L sing. Hence, sing = siné/n and g = sin” 





(siné/n). Differentiating this expression for § twice 
Fic. 4—DERIVATION OF THE EXPRESSION FOR ANGULAR 


ACCELERATION 


The Derived Equation Is Used To Prove That the 
Inertia Couples in Engines of Division—(a) Type 
Balance Each Other 
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with respect to time gives, as an expression for the 
angular acceleration, 
a= ww (1.—n’) sin 0/ (n? — sin’ 0)*” (6) 

To prove this perfect balance, substitute values of 
6 and of (6 + 180 deg.) in Equation (6), multiply each 
value of « by J, and add. This expression for « is taken 
from Albert” and one like it is given in Riggs”; it is 
mathematically exact. The result of adding the two in- 
ertia-couples is found to be zero. Hence, for engines 
with cranks set at 180 deg. and having two, or multiples 
of two, cylinders, the inertia couples balance. 

In regard to division (b), it can be shown that the 
inertia couples do not balance exactly. To prove this 
imperfect balance, substitute values of 6 of (6 -+- 120 deg.) 
and of (6 + 240 deg.) in Equation (6), multiply each 
by I, and add. Only if the denominator of the expres- 
sion for «a is assumed to be constant, that is, if sin’? is 
negligibly small compared with 1’, is the result of this 
addition zero. Since the value of » is sometimes less 
than 4, as in the case of the Essex engine, the denomi- 
nator varies as much as 1/16, or about 6 per cent, which 
is hardly a negligible variation. If a value of 60 deg. 
is substituted for 6, it is found that the inertia couples 
balance; but if 30 deg. is substituted for 9, the inertia 
couple is found to be significant. If n 4, w 200 
radians per sec. and /, 0.01 ft. per sec. per sec., the 


inertia couple is about 7.2 lb-ft. This indicates that the 
inertia couple of a six-cylinder engine changes from zero 
to the maximum and back to zero again six times per 
and 


revolution may account in part for the six-peaked 
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FIG. 5—-GEARED-BALANCER FOR A VERTICAL SINGLE-CYLINDER ENGINE 
It Consists of a Pair of Small Shafts Geared To Run at Crank- 
shaft-Speed in Opposite Directions, Each Shaft Carrying a Pair of 
Weights Which Produces a_ Rotating Centrifugal-Couple. The 
Center Lines of the Shafts Must Lie in the Same Plane, Which 
Must Also Pass Through the Center Line of the Crankshaft The 
Weights e and f Rotate in One Plane and the Weights g and h 

Rotate in a Plane a Distance, i, Away from the Former Plane 


torsional-vibration records found by C. E. Summers” and 
stated in his Measurement of Engine Vibration Phenom- 
ena and also found by others. It may also be the cause of 
the noticeable rocking of some six-cylinder automobiles 
at certain low-speeds. This inertia couple can be largely 
eliminated by using two six-cylinder engines placed at 
60 deg. to each other, thus making a 60-deg. V-type 12- 
cylinder engine; but no device seems to have been in- 
vented for balancing perfectly the inertia couples of the 
six-cylinder or the three-cylinder engine. However, it 
should be noted that, so far as inertia couples are con- 
cerned, the three-cylinder engine is just as well balanced 
as the six-cylinder engine if counterbalanced connecting- 
rods are used. 

Regarding division (c), the single-cylinder engine with 


11See Machine Design Drawing Room Problems, by C. D. 
p. 266. 

122See Hancock’s Applied Mechanics for Engineers, by N. C. 
p. 367. 

“See THE JOURNAL, February, 


Albert, 
tiggs, 


1925, p. 163. 
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Fic. 6—RBSULTANT ForCES 
The Resultant Forces on the Weights e and f of the Geared-Bal- 
ancer, aS Shown in Fig. 5, Are Equal in Magnitude and “Ty 


: Each 
Proportional to Is 


counterbalanced connecting-rod, perfect balance could be 
obtained if an apparatus could be devised so as to give 
at all times a torque equal and opposite to Iya. While the 
simplest method of doing this probably is to install an- 
other piston and connecting-rod, thus obtaining a two- 
cylinder engine, it may at times be cheaper and satisfac- 
tory enough to use the device described later, which 
balances the single-cylinder engine as well as the six- 
cylinder engine is now balanced; namely, on the condi- 
tion that the denominator of the expression for « in 
Equation (6) is practically constant, that is, if sin’@ is 
negligibly small compared with n’. 


If, for instance, n 
t; then T/(T + 2) 


98 per cent, and that percentage 

of the unbalanced inertia-couple can be eliminated. Such 

a device as this might prove worthwhile on farm lighting- 

plants which use single-cylinder engines, by making pos- 

sible the elimination of the customary concrete-base. 
PROPOSED BALANCING DEVICE 

The proposed device is shown in Fig. 5. It consists 
of a pair of small shafts geared to run at crankshaft- 
speed in opposite directions, each shaft carrying a pair 
of weights which produces a rotating centrifugal-couple. 
The center lines of the shafts must lie in the same plane, 
which must also pass through the center line of the crank- 
shaft. The weights e and f rotate in one plane, and the 
weights g and h rotate in a plane a distance, i, away from 
the former plane. Fig. 6 shows the resultant forces on 
the weights e and f. The piston center-line is vertical, 
the balancer shafts lie in a horizontal plane and the 
weights lie in the plane of the shafts when the piston 
is on head-end dead-center. The resultant forces on the 
weights are equal in magnitude and each is proportional 
to w. Because of the arrangement of the shafts, the 
horizontal components of the forces neutralize each other; 
the vertical components are unbalanced and are propor- 
tional to w* sind. The centrifugal couple produced by the 
balancer, which is the product of the vertical components 
by the distance i between the planes of rotation of the 
weights, is therefore also proportional to o’* sind and 
approximately proportional to «. Hence, the inertia 
couple of the single-cylinder engine can be balanced as 
well as that of the conventional six-cylinder engine is 
balanced. 

The counterbalanced connecting-rod shown in Fig. 1 
was designed to give perfect balance for a Chevrolet, 
Superior-model automobile-engine and to be safe against 
failure of the studs or I-section when running at 2000 
r.p.m., which corresponds to a car speed of about 50 
m.p.h., that is top speed for the Chevrolet. The connect- 
ing-rod was counterbalanced, assuming a piston weight 
of 24 oz. While the present actual piston-weight is 36 
oz., a weight of 24 oz. is entirely practicable, since the 
Chrysler four-cylinder engine, with a larger bore, has 
pistons weighing only 21 oz. The connecting-rod was 
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found to weigh about 94 lb. and to produce an inertia 
force on the crankpin of about 3000 lb. at a crank-speed 
of 2000 r.p.m. The standard connecting-rod, which 
weighs only about one-fifth as much, would of course 
produce only one-fifth as much inertia force on the 
crankpin. Since the crankpin pressures due to the gases 
in the cylinder probably are also about 3000 lb., and 
since the magnitude and direction of both pressures 
vary, the maximum vector-sum probably would be about 
5000 Ib., which might require slightly larger bearings. 
For the position of the connecting-rod in which the crank 
and the connecting-rod are at right angles, the bending 
stress in the I-section was found to be about 20,000 lb. 
per sq. in.; for the compressive stress due to the ex- 
plosion, the assumed load of 3000 lb. and the assumed 
area of the I-section of about 0.6 sq. in. give a stress of 
5000 Ib. per sq. in. The resulting maximum of 25,000 
lb. per sq. in. probably is safe with good alloy-steel, since 
it provides a factor of safety of 5 or more even allowing 
for column action of the connecting-rod. The %-in. 
S.A.E. Standard studs would have to withstand about 
3200 Ib. each, but this probably is a safe value if the 
bearing cap is made of steel. 

Since designing this connecting-rod it was found that 
21-oz. Chevrolet pistons are available from the Green 
Engineering Co., Dayton, Ohio. A set of aluminum- 
alloy connecting-rods with cast-iron counterweights will 
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be made by that company for testing in a Chevrolet en- 
gine in the Cornell University laboratories. These con- 
necting-rods weigh only about 5 lb., and the maximum 
stress is less than 10,000 Ib. per sq. in. 

This proposed connecting-rod would require that the 
crankcase depth be increased slightly more than 3 in., 
and probably would require the abolition of the splash 
system of lubrication; but neither of these changes can 
be considered a serious disadvantage when the fact that 
this connecting-rod would make the four-cylinder car on 
which it was adopted the best balanced automobile on 
the market is taken into account. For the small-bore 
eight-cylinder engines, counterbalanced connecting-rods 
weighing little more than the present connecting-rods 
can be designed. 

The chief significance of the counterbalanced connect- 
ing-rod seems to be the possibility of attaining perfect 
balance in the four-cylinder automobile-engine with little 
added cost. Hence, the four-cylinder can be better bal- 
anced than the six-cylinder engine and perhaps suffi- 
ciently better balanced to compensate for the more 
uniform torque of the six-cylinder engine. Another 
virtue of the counterbalanced connecting-rod lies in the 
fact that, with the geared-balancer already described, 
inertia balance of the single-cylinder engine as good as 
the inertia balance of present six-cylinder engines is 
obtainable. 


NATURAL AND SYNTHETIC NITROGEN 


N the year ended May 31, 1926, Germany produced by the 

air-nitrogen process approximately 405,000 tons of fixed 
nitrogen, the equivalent of about 2,500,000 tons of Chilean 
nitrate, and capacity was probably 500,000 tons. Although 
consumption of nitrogenous fertilizer in Germany has in- 
creased, the present output permits an export trade of con- 
siderable proportions. Thus Chile in little more than a 
decade has not only permanently lost its former best cus- 
tomer but has acquired a strong rival in the international 
markets. 

Consumption of Chilean nitrate declined about 11 per cent 
in the fertilizer year ended June 30, 1926, whereas world 
consumption of inorganic nitrogen fertilizers increased 8 per 
cent. Sales of Chilean nitrate to Sept. 30, 1926, for delivery 
during the present fertilizer year have been three-quarters 
less than the corresponding period last year, although the 
prices for the new year were reduced; and stocks on Sept. 
30, 1926, were 25 per cent heavier than on the same day of 
1925. Monthly output in Chile has been cut down to less 
than one-third of capacity in an effort to keep pace with 
demand. This competition has developed largely in the last 
2 or 3 years, becoming particularly acute in the last year, 
and is certain to become more formidable in the future owing 


to price advantages and excellent distribution methods of the 
synthetic product. A new process that will extract the nat- 
ural nitrate at a considerably lower cost than the older 
methods will be used by an American company that plans 
to begin operations in Chile. 

Germany has been and. still is the leader in the nitrogen 
fixation industry, but many other countries are now manu- 
facturing synthetic nitrogen products or are preparing to 
do so. At the close of 1925 eight direct synthetic ammonia 
plants were operating in the United States and production in 
Italy, France and England is making notable progress. Other 
European countries as well as Australia and Japan are pre- 
paring to enter the field very soon. Several European gov- 
ernments are aiding the development of fixed nitrogen pro- 
duction in their respective countries. 

One result of the new American production of synthetic 
ammonia has been the very sharp price reduction in several 
ammonia salts that took place in 1925, bringing the price 
below the level prevailing for many years. Synthetic am- 
monia is an exceptionally pure product, needing practically 
no further refining and purification. Because of this it is 
finding a ready market in refrigeration and in several in- 
dustries where purity of material is essential_—Commerce 
Monthly. 
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Society Representatives on Sectional and 
Other Committees 


HE Society’s representation on Sectional Committees or- 

ganized under the procedure of the American Engineering 
Standards Committee is practically the same as last year 
with the exception of the addition of new Sectional Commit- 
tees that have been organized since the list of personnel of 
the Society’s representatives on Sectional Committees was 
printed in the May, 1926, issue of THE JOURNAL. The So- 
ciety is an active member of the American Engineering 
Standards Committee and sponsors Sectional Committees 
whose work has a direct relation to the automotive indus- 
tries. The Society also appoints representatives on other 
Sectional Committees whose work does not relate directly to 
the industry. In general, the personnel of Sectional Com- 
mittees continues from year to year, changes being made 
only as occasion may require. 

In addition the Society is represented on committees of 
Governmental Bureaus and Departments and other organiza- 
tions. The names of such representatives appear at the 
end of the accompanying list. 

SECTIONAL COMMITTEES SPONSORED BY THE 
SOCIETY 


AERONAUTIC SAFETY CODE 


Sponsors—Bureau of Standards 
Society of Automotive Engineers 


H. M. Crane, Chairman 
Archibald Black 


General Motors Corporation 
Garden City, N. Y. 


V. E. Clark Consolidated Aircraft Corpo- 
ration 

E. T. Jones Wright Aeronautical Corpo- 
ration 


G. C. Loening Loening Aeronautical 


neering Corporation 


Engi- 


G. J. Mead Pratt & Whitney Aircraft Co. 

I. M. Uppercu Uppercu - Cadillac Corpora- 
tion 

R. H. Upson Aircraft Development Corpo- 
ration 

T. P. Wright Curtiss Aeroplane & Motor 


Co., Inc. 


BALL-BEARINGS 


Sponsors—Amerizan Society of Mechanical Engineers 
Society of Automotive Engineers 


W. R. Strickland, Chairman Cadillac Motor Car Co. 


C. M. Manly, Vice-Chairman New York City 

R. S. Burnett, Secretary Society of Automotive En- 
gineers, Inc. 

F. L. Brown White Motor Co. 

H. E. Brunner S. K. F. Industries, Inc. 

D. F. Chambers Bearings Co. of America 

L. A. Cummings Marlin-Rockwell Corporation 

F. W. Gurney Marlin-Rockwell Corporation 

F. G. Hughes New Departure Mfg. Co. 


BOLT, NUT AND RIVET PROPORTIONS 


Sponsors—American Society of Mechanical Engineers 
Society of Automotive Engineers 
New York City 
Willys-Overland Co. 
Rock Island Plow Co. 
International Motor Co. 


J. A. Anglada 
A. Boor 

A. H. Gilbert 
M. C. Horine 


MOTOR-VEHICLE LIGHTING SPECIFICATIONS 


Sponsors—Illuminating Engineering Society 
Society of Automotive Engineers 


H. M. Crane General Motors Corporation 
tT. J. tatie, Ir. Marmon Motor Car Co. 

C. A. Michel Guide Motor Lamp Mfg. Co, 
A. J. Scaife White Motor Co. 

P. V. C. See Northern Ohio Traction & 


Light Co. 
NUMBERING OF STEELS 
American Society for Testing Materials 
Society of Automotive Engineers 
Henry Souther 
Corporation 
Vanadium Corporation of 
America 
Vanadium 
America 


Sponsors- 


F. P. Gilligan, Chairman Engineering 
C. N. Dawe 


G. L. Norris Corporation of 
PINS AND WASHERS 


American Society of Mechanical Engineers 
Society of Automotive Engineers 


Sponsors- 


a 


VN. J. Outcalt 


General Motors Corporation 
O. B. Zimmerman 


International Harvester Co. 
SCREW THREADS 
-American Society of Mechanical Engineers 
Society of Automotive Engineers 


Sponsors 


P. W. Abbott Studebaker Corporation of 
America 

A. Boor Willys-Overland Co. 

Earle Buckingham Massachusetts Institute of 
Technology 


G. S. Case 

E. H. Ehrman 

C. M. Manly 

O. B. Zimmerman 


Lamson & Sessions Co. 
Standard Screw Co. 

New York City 
International Harvester Co. 


SMALL TOOLS AND MACHINE-TOOL ELEMENTS 
Sponsors—American Society of Mechanical Engineers 
National Machine Tool Builders Association 
Society of Automotive Engineers 
Nash Motors Co. 
Chandler - Cleveland 
Corporation 
Studebaker Corporation of 
America 
Cleveland Tractor Co. 


W. G. Careins 


A. H. Frauenthal Motors 


— 
\ 
ie 9) 


‘. Maurer 
. Sawyer 


TRANSMISSION CHAINS AND SPROCKETS 
Sponsors—American Gear Manufacturers Association 
American Society of Mechanical Engineers 
Society of Automotive Engineers 
D. B. Baker 
W. J. Belcher 
W. F. Cole 
Charles Froesch 
G. A. Young 


International Harvester Co. 
Whitney Mfg. Co. 

Baldwin Chain & Mfg. Co. 
International Motor Co. 
Purdue University 


WIRE AND SHEET-METAL GAGES 


Sponsors—American Society of Mechanical Engineers 
Society of Automotive Engineers 
(Not yet organized) 
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REPRESENTATIVES ON SECTIONAL COMMITTEES 





SECTIONAL COMMITTEES ON WHICH THE SO- 
CIETY IS REPRESENTED BUT IS NOT A SPONSOR 
BRAKES AND BRAKE TESTING 


Clarence Carson Dodge Bros. 


J. R. Cautley Bendix Brake Corporation 

R. E. Fielder Yellow Mfg. Sales Corpora- 
tion 

Cc. L. Sheppy Pierce-Arrow Motor Car Co. 


CODE ON COLORS FOR TRAFFIC SIGNALS 


w. A. McKay Westinghouse Lamp Co. 


DRAWINGS AND DRAFTING-ROOM PRACTICE 


M. C. Frins International Motor Co. 


GEARS 
Earle Buckingham Massachusetts Institute of 
Technology 
Pp. L. Tenney General Motors Corporation 
INSULATED WIRE AND CABLE 
F. W. Andrew Andalusia, Pa. 


W. S. Haggott Packard Electric Co. 
MACHINE-TOOL SAFETY-CODE 
Leland-Gifford Co. 


PLAIN LIMIT-GAGES 


Studebaker 
America 
General Motors Corporation 


A. J. Gifford 


P. W. Abbott Corporation of 


W. J. Outcealt 


SCIENTIFIC AND ENGINEERING SYMBOLS AND ABBREVIATIONS 


R. M. Anderson Stevens Institute of Tech- 
nology 
E. P. Warner Assistant Secretary of the 


Navy for Aeronautics 
USE, CARE AND PROTECTION OF ABRASIVE WHEELS 
A. J. Gifford Leland-Gifford Co. 


ZINC OF IRON AND STEEL 


W. H. Hutchins North East Electric Co. 
W. M. Phillips General Motors Corporation 


COATING 


COMMITTEES AND ASSOCIATIONS ON WHICH 
THE SOCIETY IS REPRESENTED 


EXECUTIVE BOARD OF AMERICAN AUTOMOBILE 
R. S. Begg 


ASSOCIATION 
Jordan Motor Car Co. 
AMERICAN BUREAU OF WELDING 


Alexander Churchward Wilson Welder & Metals Co 
Inc. 


at 


AMERICAN ENGINEERING STANDARDS COMMITTEE 
Main Commitiee 


B. B. Bachman Autocar Co. 


C. F. Clarkson Society of Automotive En- 
gineers, Inc. 

C. M. Manly New York City 

Alternates 

R. S. Burnett Society of Automotive En- 
gineers, Inc. 

H. M. Crane General Motors Corporation 

K. L. Herrmann Studebaker Corporation of 
America 

Executive Committee 
C. F. Clarkson Society of Automotive En- 


gineers, Inc. 
AMERICAN MARINE STANDARDS COMMITTEE OF DIVISION OF 
SIMPLIFIED PRACTICE 
Society of Automotive En- 


gineers, Inc. 
Submarine Boat Corporation 


R. S. Burnett 


Henry R. Sutphen 


COMMITTEE A-l ON STEELS OF AMERICAN SOCIETY FOR 
TESTING MATERIALS 


Henry Souther Engineering 
Corporation 


JOINT COMMITTEE ON INVESTIGATION OF PHOSPHORUS AND 
SULPHUR IN STEEL OF AMERICAN SOCIETY 
FOR TESTING MATERIALS 
Henry Souther Engineering 
Corporation 


ADVISORY COMMITTEE ON STRUCTURES AND FABRICATED 
METALS OF THE BUREAU OF STANDARDS 
Burns American Machine & 
Foundry Co. 
J. H. Nelson Wyman-Gordon Co. 


COMMITTEE ON FERROUS METALS OF THE BUREAU OF 
STANDARDS 
Henry Souther Engineering 
Corporation 
Donner Steel Co. 


GAGE STEEL COMMITTEE OF BUREAU OF STANDARDS 
C. N. Dawe 


F. P. Gilligan 


F. P. Gilligan 


CG. h, 


F. P. Gilligan 


W. C. Peterson 


Vanadium Corporation of 
America 


J. M. Watson Hupp Motor Car Corporation 


CONSULTING COMMITTEE ON LUMBER STANDARDIZATION OF 
CENTRAL COMMITTEE ON LUMBER STANDARDS 
W. B. Swift International Harvester Co. 
HARDWOOD CONSULTING COMMITTEE OF CENTRAL COMMIT- 
TEE ON LUMEER STANDARDS 


W. C. Fischer Baker R. & L. Co. 


T. H. Luckey Studebaker Corporation of 
America 
JOINT ARMY AND NAVY AERONAUTIC CONFERENCE 
E. T. Jones Wright Aeronautical Cor- 
poration 


Edward Wallace Glenn L. Martin Co. 


ADVISORY BOARD ON DICTIONARY OF GOVERNMENT SPECI- 
FICATIONS 
Society of Automotive En- 
gineers, Inc. 
Society of Automotive En- 
gineers, Inc. 
POWERPLANT SUBCOMMITTEE OF NATIONAL ADVISORY COM- 
MITTEE FOR AERONAUTICS 


General Motors Corporation 


C. F. Clarkson 


R. S. Burnett, Alternate 


H. M. Crane 


HIGHWAY RESEARCH BOARD OF THE NATIONAL RESEARCH 
COUNCIL 

Autocar Co. 

General Motors Corporation 


B. B. Bachman 
H. M. Crane, Alternate 


ENGINEERING DIVISION OF THE NATIONAL RESEARCH 
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ABSTRACT 


S the title indicates, this paper comprises a de- 

scription of the construction of an apparatus and 
the development of a method of operating it in deter- 
mining the rating of motor fuels in the order of their 
detonation. A Delco-light unit, consisting of a single- 
cylinder internal-combustion engine directly connected 
to a direct-current generator, was the basic outfit used 
but it was changed in many ways in its course of de- 
velopment as a testing-machine. The changes made 
are explained in detail. The method of testing adopted 
for rating a motor fuel was to match it, by trial and 
error, with a blend of chemically pure benzene and 
selected straight-run Pennsylvania gasoline. Several 
series of experiments were made to determine what 
blend or blends of benzene and the standard gasoline 
match a given fuel under widely different conditions 
of compression-ratio and spark-setting. The author 
hopes to standardize these blends later in terms of 
pure heptane and pure octane, as has been proposed 
by Dr. Graham Edgar. The results obtained in the 
experiments are presented graphically. 





NUMBER of apparatus and methods for compar- 
ing motor fuels for ease of detonation have been 
described. No comparison of the results given 

by different methods has been presented, nor has an ex- 
tensive correlation of the results obtained in the labora- 
tory with those procured by operating commercial au- 
tomobiles under normal conditions been recorded. Much ie. 1 Cossn-nen | or eae Sa See i Pepa 
of the work involved in this comparison and in this cor- The Method of Testing Used Was To Rate a Motor Fuel by Match- 
relation is in progress in various places. A standard '"* Bouncne and. Selected Dicalgutibem Peaaesteenill poor 
apparatus and a standardized method of operating it in 


tests will soon, it is hoped, be forthcoming. Other reli- Control of the temperature of the explosive mixture at 
able equipment and methods of operation that yield the end of the suction stroke is essential for securing 
results interpretable through those of the standard may concordant results. This control was effected only by 
well be expected. substituting a water-cooled head, b, that has ample vol- 
Our completed work comprises the building of an ap- ume for cooling-water. Cooling of the overhead-valves 
paratus and the development of a method of operating and of the spark-plug is adequate, since preignition is 
it. Both the apparatus and the method will be described. not experienced. A heat-exchanger, c, preheats the en- 
One hundred samples of motor fuel can be tested during tering cooling-water as desired. It has not been found 
a day, and tests made at different times have been found necessary to cool with water the wall of the cylinder of 
to agree satisfactorily. Reconditioning of the equipment the engine. Air is drawn by the bladed flywheel through 
is necessary only after 20 hr. of use; and the time re- the jacket d that surrounds the cylinder and the crank- 
quired to prepare the apparatus for use after a period case of the stock engine. 
of idleness is only 1 hr. The mixing-valve e was retained after less satisfactory 
Pree ae ‘ : results had been secured with carbureters. It was modi- 
DESCRIPTION OF TESTING-MACHINE fied, however, by drilling it so that a brass venturi-tube, 
36 x 544 x 2% in., could be inserted. At the throat of 
der internal-combustion engine directly connected to a_ the venturi-tube. a jet having a diameter of 0.022 in. 
direct-current generator, a, rated at 850 watts (38 volts was inserted. A needle-valve, f, controls the flow of the 
and 22 amp.) has been changed in many ways in de- motor fuel. Three constant-level cups, g, made of brass 
veloping our present testing-machine. As has been the and shown in the plan view of Fig. 1, are connected by 
experience of others, preliminary tests proved that the copper tubing of small bore to a three-way cock. When 


air-cooled head of the stock engine is unsatisfactory. the cock is set properly, each cup feeds fuel through a 





A Delco-light unit, Fig. 1, consisting of a single-cylin- 


., Director of research laboratory, Universal Oil Products Co., copper tube, h, from an inverted 8-02. oil-sample bottle 

a to the reservoir of the mixing-valve. Each cup is pro- 
“Jun. S. . 5 Motor fue researc -nginee TIniversé i ° ° 

ee ee ee ee ee Oil vided with a cock so that, when the fuels are changed, 
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the unused portion can be withdrawn from the cup. The 
small copper tubing and the reservoir are freed from 
fuel within a few seconds. 

The flow of air through the mixing-valve is controlled 
by a slide-valve, i. The position of the valve is shown 
by a graduated arc, located back of the stem of the 
valve. A connection, j, for a manometer is provided. 
A stove, k, surrounding the exhaust-gas pipe, preheats 
part of the air so that the desired temperature of the 
mixed streams is obtained. The pipe from the stove k 
to the mixing-valve is not shown. Control of the spark- 
setting was effected by the addition of a pointer and a 
graduated arc. 

The load of the generator is controlled by spacing the 
electrodes of a water-rheostat, m. Electrode n is coun- 
terbalanced and movable; electrode o is stationary. The 
temperature of the water-rheostat is controlled by pass- 
ing cold water through the sheet-metal container p in 
which stand the two 15-gal. Pyrex-glass jars that hold 
the electrolyte. This power, measured by the wattmeter 
q is less than the equivalent brake-horsepower, since 
metal losses and friction in the generator are involved. 

The intensity of detonation is measured by a modified 
“bouncing-pin” indicator. This apparatus was developed 
by the Petroleum Fellowship of the Mellon Institute, at 
Pittsburgh, following a suggestion made by S. P. Marley. 
The description® of the indicator will be left to the Petro- 
leum Fellowship. The bouncing-pin displaces a weighted 
pointer controlled by a spring, the movement being read 
directly on a graduated arc. 

The compression-ratio of the engine is varied by chang- 
ing the thickness of the gaskets, r and s, between the 
cylinder-head and the cylinder-block, and between the 
cylinder-block and the crankcase. A splash plate, f, 
limits the quantity of lubricant that enters the cylinder 
below the piston. Since the stud-bolts that secure the 
head of the cylinder are small, a strong yoke was placed 
over the head. This yoke is held by long bolts fastened 
to the foundation of the engine. The stock engine was 
designed to work at low compression-ratios, and, when 
high compressions are used in testing, the safety meas- 
ure of using a yoke is important. 

* See THE JOURNAL, February, 1927, p. 214. 


*See THE JOURNAL, February, 1927, p. 245 
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METHOD OF RATING MOTOR FUELS 


The method used to rate a motor fuel is to match it, 
by trial and error, with a blend of chemically pure ben- 
zene and selected straight-run Pennsylvania gasoline. 
This matching is sufficient for the immediate needs of 
this laboratory, but it is hoped that the benzene blends 
used can soon be standardized in terms of pure heptane 
and the pure octane, trimethyl isobutyl methane, as pro- 
posed by Dr. Graham Edgar‘. Others can then compare 
the results reported in this paper with their own, and 
the lots of benzene and of Pennsylvania naphtha now in 
use will become dispensable. New lots of both fuels 
can be used after they have been related to the old 
through the pure standard hydrocarbons. 

In conditioning the engine, the carbon is removed by 
scraping; the valves are reground; the desired compres- 
sion-ratio is assured by the selection of the gaskets; 
the valve-tappet clearance, the spark-plug gap, and the 
spark-advance timing are checked; the detonation indi- 
cator is cleaned; and all mechanical adjustments are 
observed. 

Equilibrium temperatures of the equipment are es- 
tablished by operating the engine normally with any 
fuel. The temperature of the air entering the mixing- 
valve is adjusted to 120 deg. fahr. by setting the valve 
on the hot-air stove. The drop of pressure in the mixing- 
valve is made in 4 in. of water by varying the setting 
of the slide-valve i. The temperatures of the cooling- 
water at the inlet and at the outlet are brought to fixed 
values. The preferred temperature at the outlet is 180 
deg. fahr. The load of the generator is varied by rais- 
ing or lowering the movable electrode so that the speed 
of the engine is kept constant at 1550 r.p.m. The rich- 
ness of the mixture is fixed by the needle-valve f at the 
value that produces the maximum power, as shown by 
the wattmeter. 


MATCHING THE MOTOR FUEL WITH A BENZENE BLEND 

Experience has shown that, under the conditions im- 
posed by this equipment, a motor fuel is matched by the 
same benzene blend, when the mixture is made pro- 
gressively richer. This checking holds until the mixture 
is enriched to the extent that the output of power drops. 
An unknown fuel is then substituted for the service 


fuel by inverting a bottle of it into one of the fuel-cups. 
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Fic. 2—Curves SHOWING TYPICAL RESULTs or TESTS OF Motor FUELS 
Several Series of Experiments Were Made to Determine What Blend or Blends of Benzene and 
the Standard Gasolines Match a Given Fuel Under Widely Different Conditions of Compression- 
Ratio and Spark-Setting 
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, 
Fic. 3—CURVES SIMILAR TO THOSE OF FIG. 2 SHOWING THE RESULTS OF OTHER TESTS OF MoTOR FUELS 
Four Compression-Ratios Were Used. At Each Ratio, the Intensity of Detonation Was Measured at Different Spark-Set- 
tings for Straight-Run Gasoline and for a Series of Blends. Similar Determinations Were Mads for a Test-Fuel. By 
Comparing the Curves for the Four Compression-Ratios, It Is Seen That the Test-Fuel Is Matched by Practically the 
Same Blend at All Spark-Settings and All Compression-Ratios 


The spark-setting and the load are changed until the 
intensity of the knocking, as shown by the indicator, is 
between 15 and 20 at an engine-speed of 1550 r.p.m., 
the total range of the scale being 40. After constancy 
of operation has been maintained for several minutes, 
a benzene blend that is believed to be nearly equivalent 
to the unknown fuel is used similarly. The match is 
obtained when a benzene blend produces a detonation 
of the same intensity as that of the unknown fuel at 
the same spark-setting. The particular intensity of 
detonation is chosen arbitrarily. Experience has shown, 
however, that this arbitrary choice is justified, since the 
particular blend of benzene and gasoline that matches 
the unknown fuel is unaffected by it. 


CHECKING CONSTANCY OF CONDITIONS 


In order to check the constancy of conditions, the 
engine is operated at frequent intervals with straight- 
run Pennsylvania gasoline, or a 50-per cent, by volume, 
blend of chemically pure benzene and this gasoline. The 
straight-run gasoline is considered the standard “knock- 
ing” fuel, and the blend, the standard “non-knocking” 
fuel. Constancy of conditions is necessary only during 
the time that the standard fuels, the benzene blends, 
and the unknown fuel are used. No difficulty has been 
encountered in obtaining the same intensity of detona- 
tion with the standard fuels before and after the match- 
ing of the unknown fuel with a benzene blend. 

Variation of barometric pressure does not cause much 
change in the composition of the benzene blend that 
matches a motor fuel. The spark-setting must be ad- 
vanced to produce the arbitrary intensity of detonation 
on a day of low barometric-pressure. An equal advance, 
however, is found to be necessary for the motor fuel and 
for the benzene blend that matches it. 

By using the high compression-ratios that are neces- 
Sary to cause good motor-fuels to detonate strongly at 
reasonable advances of the spark, the thermal efficiency 
of the engine is increased. To hold the speed of the 
engine at a reasonable value, as shown by a magnetic 
tachometer, it has been necessary to overload the gen- 
erator. Even though the intended speed of the stock 
engine, 1200 r.p.m., has been exceeded by 300 r.p.m., the 
generator overloaded by 65 per cent, and the voltage 
nearly doubled during most of the tests, no serious de- 


terioration of the equipment has resulted. An improved 
apparatus can be made by mounting the cylinder and 
piston of a Delco-light unit of 850 watts on the 1250- 
watt unit. The speed can then be held at the desirable 
low-value of 1000 r.p.m. without overloading greatly the 
larger generator. By this expedient, an apparatus is 
obtained that should give good service for a long time. 

The camshaft that actuates the valves is so designed 
that there is a large overlap of the opening of the inlet- 
valve and the closing of the exhaust-valve. For this 
reason, it is necessary to use a higher calculated com- 
pression-ratio than would otherwise be necessary, to 
effect strong detonation of the best fuels at settings of 
the spark ordinarily used. 


EXTRAPOLATION OF RESULTS TO DETERMINE EQUIVALENCE 
OF FUELS 


Benzene blends containing more than 50 per cent of 
benzene and motor fuels equivalent to them are not ac- 
curately distinguishable from one another. It has been 
found that, if motor fuels matched by benzene blends 
up to 50 per cent by volume are diluted in the ratio of 
1 to 1 by standard straight-run gasoline, the diluted 
samples match the similarly diluted benzene blends. It 
has been assumed, therefore, that these results can. be 
extrapolated to determine the equivalence of fuels that 
are matched by a 50 per cent benzene blend. For ex- 
ample, if the diluted fuel is matched by a blend con- 
taining 35 per cent of benzene, the fuel itself is reported 
as being equivalent to a blend containing 70 per cent of 
benzene. 

Several series of experiments have been made to de- 
termine what blend or blends of benzene and the stand- 
ard gasolines match a given fuel under widely different 
conditions of compression-ratio and spark-setting. Typi- 
cal results are presented in the curves of Figs. 2 and 3. 
Four compression-ratios were used. At each ratio, the 
intensity of detonation was measured, at different spark- 
settings, for standard straight-run gasoline and for a 
series of blends. Similar determinations were made for 
a test-fuel. By comparing the curves for the four com- 
pression-ratios, it is seen that the test-fuel is matched 
by practically the same blend at all spark-settings and 
all compression-ratios. Interpolation shows that the ben- 
zene blends that match the test-fuel have the same per- 
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centage-composition to within + 1 per cent of benzene. 
The work necessary to determine a match is, therefore, 
the minimum: a single determination suffices. 

The results presented in Figs. 2 and 3 were obtained 
by using the undiluted fuels. Similar results have been 
obtained with another straight-run gasoline and blends 
of it with benzene. Both sets of data are presented in 
Figs. 2 and 3. 


PROCEDURE IN MAKING TESTS 


In making these tests, the following .procedure was 
used at each compression-ratio for the two gasolines, the 
blends and the fuel under examination. The spark was 
advanced until detonation was just noticeable; readings 
of speed, power and intensity of detonation were made 
and recorded; the spark was then advanced in 2-deg. 
steps; all the readings were repeated at each new set- 
ting; between each set of readings the spark was re- 
tarded to the initial value and the load was adjusted to 
give a constant output of power; the advancing of the 


THE HORSE IN THE 


ESPITE motorization, the modern army still needs the 

horse; the cavalry remains an important arm of the ser- 
vice. That is the motive behind the work of the remount 
service of the War Department. An effort is being made to 
breed better horses for Army use and incidentally to im- 
prove the stock throughout the Country, so that a great res- 
ervoir of sturdy animals will be available for the cavalry and 
artillery and for the civilian population. The farm tractor 
has not yet taken the place of the horse. 

In. recalling the years of trench fighting and infantry 
drives in the World War, one almost forgets the part played 
by the cavalry. The invasion of Belgium was begun by the 
German Uhlans, all mounted men. They forced the cross- 
ings of the Meuse, screened the advance of the German army 
on Brussels and in the first 3 months of the war fought more 
than 180 engagements. On Nov. 11, 1918, as the last shots 
were being fired, the British cavalry, advancing on the re- 
treating Germans, was 10 miles in front of the infantry. 
Cavalry began and ended the war. 


Not SUPERSEDED BY MACHINES 


Military experts say that cavalry was not extensively em- 
ployed in only two theaters of operations. They add that 
cavalry served under all conditions of warfare—in the steppes 
of Russia, in the sticky clay of Flanders, in the waterless 
deserts of Sinai, in the snows of the Caucasus, and amid the 
intense heat of the Tigris and Euphrates valleys. 

Can man’s inventive cunning supplant the need of horses? 
General Allenby, whose capture of Jerusalem thrilled. the 
allied nations, said: 

Recent inventions and appliances affecting the condi- 
tions of war, instead of lessening the power and scope 
of cavalry, have added thereto. The air service, by 
enlarging the horizon, renders possible such bold 
strokes by masses of horsemen as were seen in Meso- 
potania, Palestine and Syria. 

As an instrument of scouting, the airplane is now indis- 
pensable. It is not infallible. If cavalry corrects the 
daytime errors of aerial scouts, what of the night when the 


airplane is powerless as a gatherer of information? Often 
eavalry can go where the motor-car cannot. 
A tribute is sealed in bronze by a tablet at the north 


door of the War Department in the City of Washington: 
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spark was continued, while using each fuel, until the 
operation of the engine became unsatisfactory. As a 
result of this procedure, each fuel was not tested at all 
the spark-settings of all the compression-ratios. The 
number of overlappings, however, was sufficient to show 
the regularity of the results. 

Other interesting plots are possible between the va- 
riables: spark-setting, compression-ratio, and intensity 
of detonation. : 

CONCLUSIONS 


(1) An engine and accessories have been described, 
as well as a method of evaluating with them the 
relative readiness of motor fuels to undergo de- 
tonation 

(2) When tested by the method described, a motor 
fuel is matched for intensity of detonation by 
the same blend of straight-run gasoline and 
benzene, when both the compression-ratio and 
spark-setting are varied over the ranges that 
are used in most commercial automobile-engines 


MOTORIZED ARMY 


“Commemorating the services and sufferings of the 243,135 
horses and mules employed by the American Expeditionary 
Force during the World War.” The inscription ends with 
the words of General Pershing: “The Army horses and mules 
proved of inestimable value in prosecuting the war to a suc- 
cessful conclusion.” 


AN ARAB PONY’S EXPLOIT 


“There is no horse like the Arab,” some say and point 
to the story of Kingfisher. In 1913, when Villa raided Colum- 
bus, N. M., a troop of cavalry started in pursuit, headed by 
Kingfisher, a little Arab. Kingfisher carried his master on 
the wild ride of nearly 900 miles, through a desert and over 
a chain of mountains 7000 ft. high. After an ambush in 
which the horses on either side of him were killed, he brought 
his rider home in safety. Such exploits kindle warm affec- 
tion, but unfortunately not many pure-bred Arab horses are 
to be found in the United States, though that strain has been 
present in Western horses from the era of the conquistadores. 

The aim to be achieved is an animal of quality and stamina, 
swift, valuable commercially, long-lived, and serviceable in 
a National emergency. This required a process of convinc- 
ing farmers and stock raisers of the value of breeding from 
stock that had the desired characteristics. No argument was 
so convincing as the financial one. Farmers were not long 
in learning that something worthwhile was going on when 
they heard that eight 3-year-old colts had been sold for an 
average of $250 per head in a community where the aver- 
age price of mature horses ordinarily had been $40 per head. 
Eighty per cent of the new colts have come up to the rigid 
Government specifications, compared with 10 per cent of 
the ald variety. 

For the cavalry the Army wants a big-boned, intelligent 
animal that can also be trained as a capable and tractable 
driving-horse for the civilian. For the artillery the Army 
wants a horse gifted with capacity for the activity and the 
endurance needed in American farm work. 

The Remount Service pays attention to the horse’s long- 
eared relative, the mule. The Service is helping to produce 
in greater numbers the variety known as the “sugar-and- 
cotton” mule, which is very useful in Southern climates and 
admirably fitted to serve as a pack animal in the Army.— 
New York Times. 
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Fitting the Machine-Tool to the Job 


By O. C. KAavie! 


—_—_—— - —-— 


LL discussion of this paper at the Production 
Meeting in Chicago last September was extempo- 
raneous. The edited transcript of each speaker’s 

remarks was submitted to him for approval or correction 
before its publication herein. The abstract that was 
printed in connection with the paper in THE JOURNAL 
for October, 1926, is reprinted below to assist to a better 
understanding of the discussion by those desiring to 
gather some knowledge of the subjects covered without 
referring to the complete text as originally printed. 


ABSTRACT 


HE importance of analyzing operations to be per- 

formed on a given production job; determining how 
it can be done best, most quickly and most econom- 
ically; and adapting standard machines or designing 
and building special machines for doing the work does 
not seem to be generally appreciated. Such prelim- 
inary work often results in large savings of time in 
production work, of floor space occupied by the ma- 
chinery, of scrap losses, and usually in improvement 
of the quality of the work performed. If it is neces- 
sary to develop a new machine for a given purpose 
the savings effected will often pay for the machine in 
the first year of its use. The customer should pay 
all the cost of this development work because very 
often the special machine is suitable for use by only 
one customer and on only one production piece and 
the machine-tool designer and builder cannot recover 
any losses by building and selling duplicate machines. 

The tendency in many cases has been for manufac- 
turers to buy large complicated machines to perform 
operations that can be done on much simpler units, 
because the machines have been stock products, but 
the automobile industry is believed to have reached a 
stage where the production manager can consider more 
simplified production. Smaller and simpler machines 
effect a saving in power required to drive them and 
also occupy so much less floor-space that they may 
save the expense of erecting additional factory build- 
ings. An example is given of a machine for boring and 
bottoming air-cooled-engine cylinders that equals the 
production of four machines of equal size which it has 
displaced. One of the main features of this machine 
is that it permits the loading of cylinders into the 
machine while the tools are doing their work on other 
cylinders. 

This saving of handling time is exemplified in vari- 
ous other machine-tools that are described and is em- 
phasized because, if the handling of the material can be 
timed with the machining operations, it may mean that 
the cutting speed can be slowed-down, thereby effecting 
a saving of tool wear, or the handling can be speeded- 
up to keep pace with the cutting speed. The important 
object with all production work is to keep the tools 
constantly producing chips. 

Cylinder-drilling operations that required 13 min. 
and resulted in a loss of from 25 to 30 per cent of 
cylinder castings were reduced to 3 min. and a scrap 
loss of less than 2 per cent by rearranging the locat- 
ing points for the drilling operation. 

Other machine-tools adapted or designed for doing 
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specific jobs include one for finishing the intake and 
exhaust ports in air-cooled cylinders, one for boring 
the large and small ends of connecting-rods, one for 
parting the big ends and making the cut in the small 
ends at the rate of 500 to 600 rods per day, a smal} 
machine for the centrifugal casting of babbitts in 
connecting-rods, a simple little machine for machining 
the crankshaft and camshaft bearings in crankcases, 
another for boring holes simultaneously in opposite 
ends of crankcases, one for machining transmission 
cases, a machine that drills holes diagonally in crank- 
shafts and saves a large loss in broken drills, a stand- 
ard multiple-drill adapted for drilling holes in four 
directions simultaneously, a drill-press converted into 
a milling-machine for simultaneously finishing four 
bosses on different sides of the inside of a small metal 
case which formerly were finished by back-counter- 
boring, and a cylinder hone with spring-backed and 
adjustable abrasive stones. 

Lapping of engine cylinders and other plain-vearing 
surfaces more than repays for the time spent on the 
operation; failure to lap the surfaces causes many of 
the shortcomings that are common in many engines, 
but it is a mistake to think that errors in any machin- 
ing process can be corrected by lapping. Any imagined 
danger of charging the bearing-surface with particles 
of emery can be avoided merely by using the proper 
lap-material and employing a hardwood lap for the 
final finish. 

The discussion deals with the importance of main- 
taining uniform temperature during machining opera- 
tions, the extent to which honing is carried, the con- 
struction and action of spring-backed hones, uneconom- 
ical methods of purchasing machine-tools, and the use 
of diamond cutting-tools. 


THE DISCUSSION 


A. H. Lyon*:—It might be interesting to discuss the 
advantages of simple tools as against universal tools to 
take care of a great number of operations. I have in mind 
a line-up for work on a cylinder or crankcase casting that 
does not leave the conveyor but goes from one machine 
to another, as compared with a machine in which many 
operations are performed at one setting. 

A MEMBER:—The advantage depends entirely upon the 
production quantity and the conditions under which the 
machines are to work. No definite rule can be laid down 
as to which class of machine one should use. One plant 
might work out the problem all right and another plant 
might have trouble. 

CHAIRMAN W. G. CAREINS’:—Mr. Kavle mentioned 
water-cooling the work during machine operations, which 
is rather unusual. In our plants we have found it de- 
sirable at different times, particularly when boring and 
reaming cylinders, to fill the water-jacket of the cylinder 
with water to keep the work cool. With some designs 
of cylinder-block this increases the life of the tools and 
improves the quality of the work. 

O. C. KAVLE:—The more uniform the temperature is 
kept the more uniform the measurement will be when 
the machining is finished. Temperature variation has 
a great deal of effect on the measurements. To hold 
uniform measurements one must hold the temperature 
constant. It makes no difference how this is done; the 
important thing is to hold the temperature. 
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HONING SHOULD TAKE OUT REAMER MARKS 


CHAIRMAN CAREINS:—Mr. Kavle brought up the sub- 
ject of honing cylinders. I believe no single machining 
operation in the manufacture of engines has received so 
much thought as honing in the last 2 years. 

E. K. MORGAN*:—How many find that they can hone a 
cylinder and. go beyond the reamer marks? I have 
watched this operation a number of times and it seems 
to me that the most successful honing operations are 
those in which the cylinders are honed to take out the 
high spots only. 

CHAIRMAN CAREINS:—Mr. Stein, 
stock do you remove by honing? 

F. W. STEIN’ :—About 0.002 in. maximum when honing 
cylinders. In a little unit that we are building we hone 
instead of grind the main-bearing housing in which a 
bronze-backed babbitt-lined bearing revolves. 

Mr. CAREINS:—Do you remove all the reamer marks? 

MR. STEIN :—We do. 

H. O. OLSON*:—What harm would a few reamer marks 
do if most of the surface were lapped by the hone? If 
one were to try to remove all the reaming marks it 
would entail considerable expense that would not be 
justified, I believe, by the results. 

Mr. KAVLE:—If one wants to prevent a cylinder from 
pumping oil he must take out all marks. 

CHAIRMAN CAREINS:—Many production men are hon- 
ing in two operations, roughing with a comparatively 
coarse stone and finishing with a fine stone. 

Mr. KAVLE:—I almost invariably finish all lapped sur- 
faces with a wooden lap which is soft enough to ensure 
that all the abrasive is taken out of the metal. 

Mr. OLSON :—How are the hones you showed held in 
place? Are they forced out against the stop on either 
end by the springs so that the hones are parallel? 

Mr. KAVLE:—The hone is designed so that either end 
can be adjusted independently. No actual movement of 
the hones occurs during the work. When the collar at 
one end is adjusted it opens the lap at that end. This 
provision is made to assure that if the hone wears at 
the front end the front end can be spread. I like to 
keep the front end slightly larger than the rear end. 

The principle of any honing operation must be that 
no spring action occurs when the hone is finishing its 
work. The hone must act as a solid member. The old 
method was to rotate a lead lap mounted on a taper 
arbor that had a slot with a key in it to prevent the lead 
from slipping. By knocking this lap farther onto the 
arbor we were able to keep it to size, putting on just 
enough abrasive to allow it to enter the cylinder. The 
trouble with this method was that if the operator was 
careless in getting the correct size, he would have trouble 
due to its being too tight or too loose when it was en- 
tered in the work. This caused considerable waste of 
time. 

If the hone can flex just enough to enter the work 
without causing too much pressure on the cylinder-wall 
or requiring excessive power to rotate the hone when it 
enters the cylinder, it will then have the effect of auto- 
matic feed to size. Unless the hone comes to a given 
size without any flexure, the sides of the cylinder-wall 
cannot be made parallel. The fact that the springs are 
not flexed at the finishing operation assures the bore 
being parallel and round. 


*M.S.A.E 

Rockford, Ill 

5 Tool supervisor, Fairbanks, Morse & Co., Beloit, Wis. 

®* Mechanical engineer, Western Electric Co., Chicago 

*General manager, National Machine Tool Builders 
Cincinnati 


what amount of 





Designing engineer, Ingersoll Milling Machine Co., 


Association, 


March, 1927 
THE JOURNAL OF THE SOCIETY OF AUTOMOTIVE ENGINEERS 


Mr. OLSON:—How much stress do you put in the 
springs? From the design of the springs I judge they 
probably are worked to their maximum stress. 

Mr. KAVLE:—I try to have from 150 to 200 Ib. pres. 
sure. 

Mr. OLSON :—I mean the fiber stress in the springs. 

Mr. KAVLE:—That is merely a question of design. 


SOMEONE PAYS FOR THE SOCIAL WASTE 


E. F. DuBRuL’:—I do not believe in spending more 
money for anything than is necessary to produce the 
desired result. However, if a machine-tool builder of- 
fered his trade a machine that was as crude as some 
of the special machines which Mr. Kavle showed, the 
builder would be told that he was incompetent and that 
his work showed it. I have no quarrel with this, be- 
cause good engineering involves designing a trim look- 
ing product. 

In the early part of his paper Mr. Kavle referred to 
what users should expect to pay for special machines, 
He is right. If one wants a machine that will save him 
money he should pay the cost of it. On the whole the 
user pays for the waste of the method that Mr. Kavle 
mentioned, of going from the first designer, who has 
failed, and putting a second designer to the cost of fail- 
ure when the first one probably could complete the prob- 
lem successfully the second time. In the long run the 
user has to pay for such waste, because, if society is to 
progress and have better, larger and more equipment, the 
increase must come out of the social surplus, wherever 
it happens to be. If this surplus is wasted by such prac- 
tices that amount to not paying what a thing has cost, 
it leaves less surplus to be devoted to the public use. It 
is strange that some persons do not realize that they do 
have to pay for this waste eventually. This waste is 
charged to overhead and is then distributed in some way 
to the users of the industry’s product. So let us use 
methods of design, of production and of purchasing that 
eliminate such social waste. 

A salesman told me of a recent instance in which a 
buyer wasted the salesman’s time for 4 days by keeping 
him waiting for a chance to spend 2 hours of his selling 
time to sell a $1,200 machine. The seller and buyer had 
a definite engagement but the meeting was put off re- 
peatedly. That loss of 4 days of the salesman’s time had 
to go into his company’s overhead. A great deal of this 
sort of social waste occurs in this industry, and all ma- 
chine-tool buyers have to pay for it. 

Mr. KAVLE:—Mr. DuBrul probably has some idea what 
it means to produce machines for a new model. One may 
start work on it in September and put it into production 
the following July, then when he goes over the equipment 
in the shop he is ashamed of some of it. The machines 
may function but they do not look attractive. The work 
has been done in such a hurry that many details which 
should have been refined were not taken care of. This 
is reflected almost invariably in any factory one goes 
into. 

Mr. DuBRUL:—That is true. We have all done that 
if we have run a shop. The point I want to emphasize 
is that the machine-tool builder is expected to furnish 
something much better looking for much less money, 
and usually he does it. 

CHAIRMAN CAREINS:—I might say, in defense of our 
buyers of machine-tools, that we are not machine-tool 
builders, we build other products. I assume that if we 
asked some of the machine-tool builders to build auto- 
mobiles or stationary engines their efforts might appear 
somewhat crude. 
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FITTING THE MACHINE TOOL TO THE JOB 


Mr. Kavle, in his paper, touched upon the size of holes 
made by fly-cutting methods and others. Considerable 
use is being made in different plants of diamond cutting- 
tools for the accurate and rapid sizing of holes, particu- 
larly in babbitt, bronze or cast iron. 


DIAMOND TOOLS Do FINE WoRK 


Mr. KAVLE:—The use of stones for cutting-tools is 
an interesting subject. In the Waterbury watch factory 
years ago we had a German workman who gathered all 
the sapphires and diamonds he could collect. He had a 
pair of tongs with which he held the sapphires, and when 
he was given a job to make a small metal part he would 
go to the scrap-box and find a piece suited to the part he 
was to make instead of grinding it out. He would hand- 
tool it with the sapphire, and the chips would float about 
the room like feathers. Anyone would be interested to 
watch him cut hardened tool-steel dies with the sap- 
phires. 

We had some very fine grinding-tools in the watch 
industry, especially in the watch-case works. All the dies 
are made from steel and when the watch-case comes out 
of the die the places where the covers and backs snap on 
are not machined. The only machining that is done is 
on the covers so that they will fit the snap-edge ring. 
In producing those dies we had to use an emery wheel 
that was as keen as any cutting-tool. On a lady’s 00-size 
watch the snap-edge rings are 0.009 in. high and are 
undercut 10 deg. To keep the emery wheel sharp enough 
to grind those corners we had to sharpen the diamonds 
regularly so that when we dressed the wheel the parti- 
cles of emery would not be pulled out but would be 
parted and give the wheel a hard sharp edge. With that 
we could grind the rings to the corner, bring the wheel 
back 0.009 in. and finish the top. 

Thus I learned early in the industry what sharp-edged 
diamonds meant. When the problem arose at the Frank- 
lin automobile factory of providing tools that would 
stand up to the work, we ordered a diamond ground and 
mounted it in a holder and used it for turning aluminum 
pistons to size. We did not tell the workman what had 
been done but simply handed him the tool and after he 
had used it he said that if he could get another piece of 
steel like that he would not need to grind his tool. 

We ordered duplicate tools from a Detroit diamond- 
tool company in 1917 and since then the company has 
sold a considerable number of these tools for turning 
babbitts, bronze and anything else that has to be held 
to size. The tools produce an excellent surface and do 
not tear the metal. The work done with a diamond 
analyzes very differently under the microscope than work 
turned with steel tools; the diamond gives a much better 
result. With the diamond no such thing as hard-spots 
occur; it cuts clean and holds sizes. I am sure that any- 
one who becomes familiar with the use of the diamond 
in turning will be more than repaid for any money 
spent. The first cost is insignificant by comparison with 
the results produced. 

CHAIRMAN CAREINS:—Many persons use diamonds for 
sizing the bronze bushing in a connecting-rod. In this 
operation a wide variation in the cutting-speed exists in 
the different shops. One shop may run the boring-bar as 
fast as 20,000 r.p.m., as I have been told, while another 
may run it as slow as 1000 r.p.m. What is your expe- 
rience with regard to the proper speed? 

Mr. KAvLE:—Any desired speed may be used, but all 
feeds to diamond tools must be light. A man who forces 
the feed will ruin the diamond. 
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J. S. CHAFEE :—Is the work cooled when diamond tools 
are used? 

Mr. KAVLE:—Temperature has everything to do with 
any cutting tool. The more nearly uniform the tempera- 
ture is kept the better the result. 

CHAIRMAN CAREINS:—lIn our plant we have tried dia- 
monds without cooling and with cooling. So far as 
quality of the work produced is concerned we find no 
difference, but cooling with a light cutting-oil has in- 
creased the life of the diamonds two to three times as 
long as when running dry. It is a matter of economy in 
the life of the diamond rather than of the quality of the 
work. 

Mr. STEIN:—In 1921 the Mid-West Engine Co. was 
using single-point tools and was also boring with dia- 
monds the main bearing in castings where babbitts were 
put in. Nordyke & Marmon have been doing that regu- 
larly. I have also seen them using a diamond tool on a 
shaper for surfacing a joint on the main bearing, and 
the method apparently is working very well although I 
do not know how economically. 

Mr. KAVLE:—I think we are likely to expect too much 
of a diamond. Some men seem to think a ground dia- 
mond should last indefinitely. It is true of a diamond 
as of anything else; it does wear. The grinding of a 
diamond is a real art, and I think it would benefit the 
industry to become more familiar with it and grind their 
own diamonds, because it does not cost as much to grind 
them as to buy new ones. It takes a long time, but a 
diamond can be set in a grinding-lathe and run for 2 or 
3 days, with only occasional resetting of the diamond to 
bring it up to an edge. If one becomes familiar with 
that process and knows what a diamond will do and how 
to treat it, it will repay its extra cost tenfold. 

CHAIRMAN CAREINS:—A great variation in diamonds 
will be found. One may last for many weeks on a cer- 
tain operation and another may last only a day. No way 
has been found of telling exactly what a diamond will 
do. It seems that we cannot select them with a micro- 
scope. 

Mr. KAVLE:—Only an expert can select a good dia- 
mond. We, who do not know much about them, have to 
trust to luck. Diamonds differ as much as cold-rolled 
and high-speed steel. 


CAN CuT HARDENED TOOL-STEEL 


C. W. EMMons*:—What is the limitation of diamond 
cutting-tools on hard steels? How will they handle high- 
speed steel or some of the S.A.E. nickel steel? Is it at 
all possible to machine an S.A.E. gear-steel with a dia- 
mond cutting-tool? 

Mr. KAVLE:—It is possible to machine a hardened 
piece of tool-steel. One must take very light cuts and 
the chips come off so thin that they float in the air. 

E. A. Cousins :—What is the width of the cutting edge 
on an average diamond tool? 

Mr. KAVLE:—We usually grind them a trifle round. 
We use them up to about %4-in. wide. The trouble is, 
we expect too much of small units. When we consider 
buying diamond tools we must not be afraid to spend 
money. 

CHARLES DOESCHER:—What has been the experience 
of those who have used diamonds as to the best way of 
holding them so that they will not be lost? 

Mr. KAVLE:—It is done usually with a little pinning. 
They are just pinned in. One should try to secure uni- 
formity in the pinning, which is a matter of individual 
workmanship. The method does not signify anything, 
it is how well the job is done. 
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should not increase the gasoline output, as soon as the de- 
mand warrants, by increasing the end-points. 


No DANGER OF GASOLINE EXHAUSTION 


Gasoline is relatively cheaper now than many other prod- 
ucts compared with prices in 1913, asserted T. G. Delbridge. 
That is, one pays today $1.25 for the same quantity of gaso- 
line that could be bought for $1.00 before the World War but 
pays $1.50 for the average commodity for which only $1.00 
was paid in 1913. This, he said, should make everyone feel 
better when the price of gasoline goes up a little. The quan- 
tity of gasoline obtained from crude oil has been greatly 
increased since 1916, when almost all that could be obtained 
from the crude was distilled out of it. In the subsequent 5 
years some rather inefficient cracking equipment was in- 
stalled and by 1921 about 48 gal. of gasoline was obtained 
by cracking for every 100 gal. obtained by distillation. By 
1926 as much was obtained by cracking as by distillation; 
in other words, the production from a given quantity of crude 
was doubled in the 10 years. Therefore, with all the work 
that is going on in the refineries, there seems to be no need 
for anyone to fear that we shall run out of gasoline in our 
lifetime, said Mr. Delbridge. 

Although detonation will increase in importance as a 
problem, he asserted that he does not believe it is the most 
important consideration with regard to gasoline, but is in- 
clined to agree with Dr. Brown that, as between volatility 
and detonation, it is better to have the volatility right for a 
given engine and take a chance on detonation. 

The rest of the discussion consisted of numerous questions 
asked of Mr. Clayden, Professor Brown and Mr. Delbridge 
and answers made by them. These related mainly to the 
possibility of corrosion from sulphur content in _ benzol, 
whether any means exists whereby the layman can distin- 
guish between good and poor fuel, whether it would not be 
easier for engineers to change the design and compression 
of engines than for refiners to change the gasoline supplied 
throughout the Country, what effect on detonation and vola- 
tility of the charge entering the cylinders could be obtained 
by controlling the heat in the manifold, relative merits of 
different fuels as regards carbon deposition, relative dilution 
of crankcase oil by gasoline of 390 or 400-deg. end-point and 
437 or 450-deg. end-point, and questions of a like nature. 








ENGINEERING STUDENTS TOLD OF FIELD 


Hunt, Beecroft, Younger, Glynn, and Plimpton Address 
Meeting at New York City 


An innovation by the Metropolitan Section was an engi- 
neering-students’ meeting, which was held Feb. 16 in the 
Engineering Societies Building, New York City. It was at- 
tended by 96 students and 16 professors from institutions of 
engineering instruction in Greater New York and northern 
New Jersey. The professors were guests of the Section at a 
dinner at the Engineers Club preceding the technical ses- 
sion. This was attended by the speakers, President J. H. 
Hunt, John Younger and David Beecroft; by members of 
the Committee representing the Section, C. F. Clarkson, R. 
E. Plimpton, F. K. Glynn, C. B. Veal and C. B. Whittelsey, 
Jr., and by the following professors: 

Edward D. Thurston, Jr., and F. H. Dutcher, of Columbia 
University; George Autenrieth and Arthur Bruckner, of the 
College of the City of New York; E. H. Hamilton, of New 
York University; George F. Bateman and Carl Rossmassler, 
of Cooper Union Institute of Technology; Edgar S. Barney 
and Ernest V. Lallier, of the Hebrew Technical Institute; 
Edwin F. Church and H. P. Hammond, of the Polytechnic 
Institute of Brooklyn; S. S. Edwards and A. C. Harper, or 
Pratt Institute, Brooklyn, N. Y.; Robert M. Anderson, of the 
Stevens Institute of Technology; and J. Ansel Brooks, of the 
Newark Technical School. 
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Undoubtedly the professors who attended the dinner and 
meeting and the students who attended the meeting gained 
a better idea of the opportunities afforded by the automo- 
tive industry for the engineering students and a broader 
conception of the lines of work in the field. All professors 
and students in the engineering schools in and around the 
City were given a cordial invitation by F. K. Glynn, chair- 
man of the Section, to attend all the meetings of the See. 
tion. Dates and subjects of coming spring meetings were 
announced, as follows: March 17, to be devoted to short 
talks by engineers of truck companies on the improvements 
in chassis design; April 17, to be devoted to the subject of 
highways and vehicles; and May 19, to be devoted to auto- 
motive equipment. 


INDUSTRY’S ACTIVITIES AND SIZE PICTURED 


Mr. Glynn also spoke of the advisability of engineering 
students taking out student memberships in national engineer- 
ing societies and thus allying themselves with activities in the 
special branch of engineering which they desire to follow. 
He read a telegram from Charles F. Parks, of the Massachu- 
setts Institute of Technology, expressing regret for his in- 
ability to be present and stating that the students of that 
institute are keenly interested in the activities of the auto- 
motive industries, as attested by the recent formation of a 
student group of the Society. Mr. Plimpton was then called 
to the chair to preside over the meeting. 

Mr. Plimpton outlined the objects of the meeting as, first, 
to tell so far as possible in a short evening what is going on 
in the industry, and, second, to tell of the opportunities it 
offers for the young man who is finishing his course in an 
engineering school. He then introduced David Beecroft, of 
the Chilton-Class Journal Co., and past-president of the So- 
ciety, as the first speaker. 

Mr. Beecroft gave extemporaneously a very interesting, 
informative and comprehensive survey of the industry from 
its beginning more than quarter of a century ago. Introduc- 
ing his subject with a brief history of the development of the 
industry, he spoke of the unification of the industry following 
the Selden patent decision in 1911, the development of mass 
production in the decade from 1910 to 1920 and the new 
period from 1920 in which the great problem has been produc- 
tion at lower cost. This last involves research, the redesign- 
ing of parts and the use of materials that cost less and 
machine faster. Next the speaker pictured the industry as 
the largest in the Country and gave statistics of the value of 
its annual production, the extent of its use of products of 
other great industries and its employment of labor. He 
divided the industry into the manufacturing side and the 
maintenance side and showed that the latter is the larger and 
that a great demand exists in it for young men with engineer- 
ing training. 


DESIGN AND RESEARCH OPPORTUNITIES SHOWN 


President Hunt gave a valuable talk on design and research 
work and the varied opportunities they present for college 
students. His talk was illustrated with three charts that 
showed (a) the organization of an engineering department 
that might represent the set-up of a large automobile-building 
company, (b) the possible organization of the engineering de- 
partment of a parts-manufacturing company and (c) the pos- 
sible organization of a large research organization. 

He told of the relations of the several divisions and various 
individuals in each of these engineering organizations to one 
another and the functions of each. The range of salaries paid 
for the different grades of work was given and Mr. Hunt in- 
dicated that somewhat higher salaries are paid for research 
workers than for employes in production organizations and 
that the large parts-companies are not likely to pay so well 
for engineering work as the most successful car companies 
but may pay better for subordinate work than the less active 
car-builders. 
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Openings exist in research organizations for almost every 
type of engineering and scientific training, said Mr. Hunt, and 
the problems are sufficiently detailed in scope that a compara- 
tively inexperienced man can do work of great value under 
proper guidance. 

The tendency to specialization in automotive work gives the 
beginner a better chance than formerly to become commercially 
yaluable in a short time, but danger exists of the specialist 
becoming too narrow, hence the ambitious man must keep in 
touch with developments in the whole field. Due to aggressive 
sales promotion, a tendency exists to draft from engineering 
into sales work young men of good personality who have the 
ability to talk convincingly of the product. Such ability is a 
great assest to the young man. In conclusion, Mr. Hunt 
spoke of the future of the industry and the seeming certainty 
of continued improvement of automotive products. A young 
man can enter the design or research field, he said, with the 
expectation of plenty of work throughout his career and the 
belief that the prizes will be as great as in the past, both from 
the financial standpoint and from the standpoint of having a 
worthwhile job in the technical phases. 


How To BECOME A FUTURE EXECUTIVE 


What the young engineer must do to prepare himself to 
become a future executive was outlined by John Younger, 
professor of industrial engineering at Ohio State University. 





March, 


eee eee eer eee rrr 


ACTIVITIES OF THE SECTIONS 



























1927 No. 3 


413 


of the industry, must have a knowledge of design, research 
and production and be an all-round man, he said. The job 
calls for an understanding of general industrial problems 
from an employment and labor-handling standpoint and for 
a broad knowledge of general financial conditions. 

The field of motorcoach and motor-haulage operation offers 
one of the most attractive futures for the young engineer, Mr. 
Plimpton asserted, and he quoted extracts from several letters 
to show the present demand for trained employes and the 
good salaries offered. 

Following the close of the formal part of the program, the 
speakers talked individually and informally with the students 
in the audience and answered many questions regarding work 
in the automotive establishments and the procedure to follow 
in obtaining employment. 


RELATION OF RESEARCH TO INDUSTRY 


President J. H. Hunt Tells Pennsylvania Section How 
It Applies to Manufacture 


‘“‘We can sharpen brains but we cannot create intellect,” 
said President J. H. Hunt in the course of his address to the 
Pennsylvania Section at the meeting held Feb. 15 at Kugler’s 
Restaurant, Philadelphia. 


He stressed the vital importance 





David Beecroft R. E. Plimpton J. H. Hunt John Younger 
THIS QUARTET OF SPEAKERS TOLD THE ENGINEERING STUDENTS OF GREAT®R NEW YORK AND VICINITY WHO ATTENDED THE METROPOLITAN 
SECTION’s STUDENT CONFERENCE WHAT THE AUTOMOTIVE INDUSTRY HAD To OFFER 


The rise of the mass-production industries has taken the em- 
phasis away from the product and placed it squarely on the 
process and the cost of the process, he said. This means to 
the ambitious young man that a knowledge of materials, 
stresses and design is no longer sufficient but must be supple- 
mented by a knowledge of the manufacturing processes. To 
become an executive one must study cost accounting, econom- 
ies, work analysis, work routing, standardization, simplifica- 
tion and waste elimination, and labor problems; and must give 
more attention to the workshop courses. The manager of 
today, said Mr. Younger, is chosen for his ability to make 
profits continuously. He told the students they must use 
imagination even in the simplest job and must study the men 
around them; and that, for the man who wants to become gen- 
eral manager, study begins when he leaves the university. 


OPPORTUNITIES IN THE OPERATING FIELD 


The program of addresses was concluded with a talk by Mr. 
Plimpton, associate editor of Bus Transportation, who spoke 
from some notes prepared by J. F. Winchester, superintendent 
of automotive equipment of the Standard Oil Co. of New 
Jersey. Mr. Plimpton dealt with the openings for trained 
engineers in the maintenance and service departments of 
vehicle-building companies and of fleet operators. The man 
in charge of an organization built up for maintenance must 
know all the factors that go with the manufacturing phase 


of research to the automotive industry and the need for de- 
veloping a continuous supply of men having natural aptitude 
for research work, as such, by affording men of unusual 
caliber every opportunity to continue to study and work along 
this line of activity. The speaker deplored the tendency to 
take too many of the young physicists and chemists out of the 
universities and to set them to work out problems that have 
a purely commercial application. He advocated that more of 
the men of exceptional ability be allowed and encouraged to 
remain at the universities and devote their lives to research 
for the sake of research. 


Citing some of the details of the scientific careers of 
Heaviside, Le Grange, Pupin, Crookes, Roentgen, and others 
to illustrate the difference between research in the abstract 
sense and research that is directly applied toward commercial 
advancement, President Hunt went on to enumerate and com- 
ment upon some of the results of theoretical and of practical 
research, such as the theories developed regarding long-dis- 
tance telephoning, wireless transmission and the like, and the 
practical effect attained by applying them. Carrying the same 
thought in its direct application to the automotive industry he 
compared the development of the steam-engine and of the 
internal-combustion engine, as well as outlining the develop- 
ment of the liquid fuels, airplane and other improvements 
to show how dependent the development of each was upon the 
two kinds of research. He mentioned the amount of research 
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work now being devoted to increasing the car-owners’ comfort 
and satisfaction and the many improvements that may result 
from work of this character. 


ECONOMIC FEATURES 


President Hunt made the point that, according to opinion 
held by some economists, economical salvation is not worked 
out by the thrifty man but by the spendthrift, and that 
American prosperity is based on the fact that Americans are 
spenders. He said that an American workman is willing to 
work and produce if he can buy what he wants today and 
buy something better, say in a year or two; for example, if 
he can buy an automobile today and later buy a better one. 
In other words, the automobile business will be profitable so 
long as people can be induced to buy cars to replace the cars 
they now own, cars that give them enough greater satisfaction 
to warrant the expenditure, and research is the means where- 
by continuous improvement is made. In this manner he 
argued that the results of research form the basis of present 
American prosperity; that is, by such means developing the 
products that people like to own, products that they did not 
have before, and persuading them to work to obtain the money 
to pay for these products. In conclusion he remarked that, 
without research, industry would find itself in a bad way. 

Practicable means of determining the lines of research that 
properly should be entered into by the automotive industry 
and by the universities were outlined by President Hunt, and 
the subject aroused a lively debate when thrown open for 
general discussion. A dinner preceded the technical session 
and was attended by 73 members and guests. 


TRENDS IN AUTOMOBILE DESIGN 


T. J. Litle, Jr., Recounts His Observations at the Show 
to the Indiana Section 


Forty-one members and 
their guests attended the 
dinner and 125 were present 
at the rousing after-the- 
show meeting of the Indiana 
Section in the Roof Garden 
of the Hotel Severin, Indian- 
apolis, on Feb. 10. Prior to 
a talk prolific in suggestive 
and canny observations by 
Thomas J. Litle, Jr., past 
president of the Society and 
now chief engineer of the 
Marmon Motor Car Co., on 
Trends in Automobile De- 
sign as Evidenced at the 
Show, tribute was paid to 
one of the “most capable, 
thorough, painstaking  in- 
vestigators and research 
men in the industry” by F. F. 
Chandler, chief engineer of the Ross Gear & Tool Co., La- 
fayette, Ind., who held up, so that members could see and 
read it, the bronze tablet presented to Fred S. Duesenberg 
by the Test Board of the Automobile Association of America, 
during the Automobile Show in New York City. The in- 
scription on the tablet was as follows: 





T. J. Liriz, Ir. 


IN APPRECIATION OF FRED S. DUESENBERG 


Racing is the crucible in which have been thoroughly 
tested many of the fundamentals of automotive engi- 
neering found in present-day automobiles. The race- 
track has been the stock-room of ideas for engineers 
of passenger cars to which you have so graciously sur- 
rendered the key. 

THOMAS B. HENRY, 
President of the A. A. A. 
Members, by rising, also expressed their good wishes to 
O. C. Berry, a former Chairman of the Ind‘ana Section, who 


is leaving his position as chief engineer of the Wheeler. 
Schebler Carburetor Co., Indianapolis, to join the staff of 
the Buick Motor Co., at Flint, Mich. 


THE ATTRACTION OF NOVELTY 


At the Show, said Mr. Litle, the public swarmed around 
the cars that had been advertised as novel in design, show- 
ing that it is never satisfied with commonplace things, but is 
looking for the unusual, both in design and equipment. The 
public, he said, is becoming motorwise, and difficult to fool 
even by the cleverest publicity. It recognizes that the me- 
chanical product of a large company is thoroughly reliable 
and demands continual improvement in operation. This 
year, said Mr. Litle, he noticed a great transition from the 
bizarre to the beautiful. More taste was displayed by many 
companies in their selection and blending of colors into a 
harmonious combination of cloth and paint. The same ap- 
preciation on the part of the public is strongly evidenced 
in the changing of the interior decoration of its homes. At 
the Show, more than 200 passenger-cars were displayed by 
44 builders. 

Considerable discussion, Mr. Litle said, had arisen over 
the European type of small car. He felt, however, that the 
European design would have very little influence on Ameri- 
can design, because the European cars were too small. In 
America, there is no excessive piston-displacement tax and 
no fuel tax to influence design; the small cars are patterned 
after the larger ones. 


Low PRICE No LONGER A SALES ARGUMENT 


Mr. Litle believes that low price has ceased to be a sales 
argument, that the public seems to be willing to pay more 
for smoother operation, comfortable seating and better ap- 
pearance, and that small six-cylinder engines will eventually 
replace the present four-cylinder engines on low-priced cars. 

The trend this year, declared Mr. Litle, seems to be to- 
ward the small high-powered, high-performance car. Other 
trends seem to be: increasing use of temperature-control 
devices, in the form of thermostats in the circulating-sys- 
tem, to enable the car, under normal conditions, to get 
under way more quickly in cold weather. Oil-filters and oil- 
rectifiers are becoming common. Light-operating switches 
are being placed on the steering-column of many cars. All 
cars are being built much lower. Accessories now play an 
important part in popularizing motoring in America. Heat- 
indicating devices are disappearing from the radiator-caps 
and more or less artistic emblems are taking their place. 
Distance-reading thermometers that record the temperature 
of the water in the cylinder-block are being placed on the 
instrument-board. Road illumination and the glare of head- 
lamps are receiving attention. The causes of squeaks and 
rumbles in body design have been studied. Less reliance is 
placed on glue and more on metal braces in the composite 
body. Practically all bodies are now composite bodies, al- 
though considerable wood is still used in the frame. Struts 
and braces are universally used. 


ALL-STEEL BODIES VERSUS WOODEN BODIES 


A great controversy, said Mr. Litle, is going on regarding 
the relative merits of the all-steel body and the wooden 
body. Metal, he said, is unquestionably stronger than wood 
but more attention is being paid to the selection of wood for 
strength. On the other hand, the cost of tooling-up is 80 
great that only cars in great production can afford to build 
metal bodies. Fabric bodies will undoubtedly come into 
limited use because of their lightness, but as yet they are 
rather homely in design. The front pillars of closed cars 
are of metal construction to allow better vision. Many 
wooden bodies have steel posts. 

Only a few years ago, continued Mr. Litle, nitrocellulose 
finishes were violently opposed, but now they are the unl- 
versal practice. Riding-quality has been given increased at- 
tention. The power-weight ratio has been increased in many 
cars to give performance in acceleration, particularly ™ 
small high-powered cars. The use of sheet aluminum has 
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decreased among body builders, because that which is offered 
js too heavy and too expensive. The vogue of easy-payment 
purchase-plans has rendered it possible for almost anyone 
to own an automobile and the purchaser invariably ex- 
presses a preference for the better car at a slightly in- 
creased price. 

Low stream-line bodies have brought forward a new type 
of axle containing the hypoid-gear, which is very quiet. The 
effort to obtain quietness has also led to the extensive use 
ef rubber, which is not only quiet, but does not need to be 
lubricated. 

The use of steel stampings to replace malleable castings 
and, in many cases, forgings in the cheaper cars, in the opin- 
ion of Mr. Litle, should be studied very carefully. 


EFFECT OF RACING-CAR DESIGN ON PASSENGER-CARS 


In closing, Mr. Litle stated that he took great delight in 
watching the progress of racing-car design, for gradually 
these designs creep into those of passenger-cars. He said 
he felt certain that engines would be built to operate at a 
higher rate of speed than they are now operating, for 
stronger alloys are available, better fuel is obtainable, and 
the roads are better. He predicts that next year many com- 
panies will adopt a general new design to increase the speed, 
performance and riding-quality of their vehicles. 

In opening the discussion, Chairman R. R. Teetor stated 
that in a conversation with an English visitor during the 


. Annual Meeting at Detroit, he had learned that more than 


60 per cent of the cars built in England had less than 12 
hp., maximum, and that the seating arrangement is not as 
spacious as it is in even the cheapest and lightest cars in 
this Country. Moreover, the longest single trip that can be 
made in England in one general direction is 476 miles. 

Originally, bodies were placed on the chassis merely as a 
place on which to sit, said Mr. Ryan, of the Marmon Motor 
Car Co. The bodies of the most inexpensive cars today 
surpass in comfort and convenience even the most expen- 
sive cars formerly built. 

Referring to the use of duralumin for castings or forgings, 
F. S. Duesenberg asserted that as a rule duralumin is hard 
to work; although the sheets possess strength, they are 
somewhat brittle and cannot be shaped to any great extent. 


ADVANTAGES OF USING SUPERCHARGERS 


Taking up the subject of superchargers, Mr. Duesenberg 
expressed the opinion that, although turbo-type supercharg- 
ers have been used, in his racing-cars, he believed the Roots 
Blower to be preferable, because in the latter the pressure is 
obtained at a lower speed. In general, he said, he did not 
see why a supercharger should be used at all at low speeds, 
unless it is desired to break up the fuel. In his opinion the 
engine should be built large enough so that when it is sud- 
denly accelerated from low speed, the quantity of gasoline 
supplied will be sufficient to give the proper explosion with- 
out detonation. If a supercharger is used, larger combus- 
tion space must be provided when the throttle is opéned 
wide, which means that the engine will be very inefficient 
At low throttle, increase of efficiency will not be obtained 
by using a suzercharger. If the power required to operate 
the supercharger could be used to break up the fuel, it would 
be advantageous to do so. When engines are suddenly ac- 
celerated from low speeds, the use of the supercharger pre- 
vents detonation, but it is particularly valuable at high 
speeds. A small amount of extra feeding is obtained through 
the supercharger at speeds from 30 to 40 m.p.h., but more 
benefit is derived at speeds ranging from 60 to 80 m.p.h., in 
crowding the engine. When a supercharger is used, the 
valves must be better and provision must be made for cool- 
ing the spark-plugs. Mr. Duesenberg believes that the turbo 
supercharger will yield higher speed because the amount of 
fuel supply increases with the speed, whereas, with the 
Roots Blower, the volume of fuel is constant, which means 
that the engine is not so efficient at the higher speeds as at 
the lower. The principal thing needed is to break up the 
fuel more effectively; whether this is done with a carbureter, 
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a supercharger or other means makes little difference in the 
result. 

Replying to the question by Chairman Teetor regarding 
the practicability of using a supercharger on motorcoaches 
that operate at high speed and on which it is desired to main- 
tain a speed of from 40 to 45 m.p.h. while climbing hills, 
Mr. Duesenberg stated that, in his opinion, the supercharger 
would be of considerable advantage. He believed that a 
motorcoach, to operate most efficiently, should have four or 
five speeds. If it is desired to go uphill, extra speed could 
be obtained through the use of a supercharger, and a small 
engine could be used at other times. A small engine cannot 
operate with a supercharger at low speed and under heavy 
load. 


THE IMPORTANCE OF COMFORT 


In the opinion of J. M. Crawford, chief engineer of the 
Auburn Automobile Co., comfort should be given the chief 
consideration in designing small cars. A man who pays 
$1,500 for a car is entitled to as much comfort as a man 
who pays $10,000. The comfort of the poor man is as im- 
portant to him as that of the rich man is to him. In check- 
ing-up small cars at the show, Mr. Crawford found that in 
most of them the distance from the pedal to the back of the 
front seat through the top of the cushion was about 34 in., 
whereas, 38 in. is considered standard. He believed that, in 
large cars, the speed of the engine should be kept down, 
for at low speed the engine must have considerable piston- 
displacement and large engines running at high speed are 
uncomfortable on the road. Engines of large bore cannot 
compare in smoothness of operation with engines of small 
bore; on the other hand, small-bore engines do not give 
proper acceleration to heavy cars. 

Mr. Staley, consulting engineer, Northwestern Engineer- 
ing Co., Green Bay, Wis., asserted that no advantage was 
gained by carrying excess weight of car for the sake of a 
few pounds of passengers. In his opinion, the chief diffi- 
culty with small cars was the lack of comfort of those rid- 
ing in the rear seat. 

Mr. Litle replied that passengers of the same size ride 
in small cars as ride in large cars and the seating arrange- 
ment should be equally comfortable in both. C. A. Trask 
suggested that the driver’s seat should be made adjustable, 
as some drivers are only 5 ft. tall, while others may be 
6 ft. or more. 


Two OUTSTANDING DEVELOPMENTS 


The two outstanding developments a year ago, said O. C. 
Berry, were the adoption of four-wheel brakes and balloon 
tires; the two that are at present commanding attention are 
the use of commercial four-speed transmissions and chro- 
mium-plating. Two characteristics of the latter, he con- 
sidered to be of special importance, namely, resistance to 
corrosion and extreme hardness. He visualized an engine, 
the running parts of which would not corrode and would 
resist wear to a greater degree than those made of the 
materials used at present, so that the parts would last 
several times as long as those now used. 





GASOLINE-ELECTRIC TRANSMISSION 


New England Section Studies Suitability of Electric 
Drive for Motorcoaches 


Due to the economic advantages of the motorcoach in city 
transportation, either as a feeder or as a supplement to ex- 
isting forms of transport, and because of the high traffic- 
density in large cities which causes frequent stops per mile, 
motorcoaches require an extremely flexible transmission. 
With a view toward determining the merits of the so-called 
electric-drive as applied to motorcoaches, a paper on the sub- 
ject was presented by Charles Froesch, engineer for the In- 
ternational Motor Co., New York City, at the meeting of the 
New England Section that was held at the Engineers Club, 
Boston, on Feb. 10. The dinner which preceded the meeting 
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was attended by about 50 members and guests. 
Whitham was chairman of the technical session. 
Mr. Froesch first discussed some of the engineering fac- 
tors involved in the adaptation of the electric drive to mo- 
torcoaches and also enumerated the limitations of design. 
He said that to raise the power curve at the higher engine- 
speeds and within the most efficient speed range of the en- 
gine, which corresponds generally with a piston-speed of 
from 1200 to 1600 ft. per min., without unduly sacrificing 
engine-torque at the lower speeds, the valve-timing must be 
changed. He illustrated what effect this has by using for 
example data relating to a four-cylinder engine of 4%-in. 
bore and 5-in. stroke, other tabulated data and charts. He 
then went on to discuss the various limitations of design. 


Glenn S. 


ADVANTAGES AND DISADVANTAGES 


With regard to the advantages and disadvantages of the 
electric drive, Mr. Froesch stated that it has been fairly well 
established that the greatest asset, as applied to the motor- 
coach, is the permissible increase in schedule speed where 
traffic is congested. Other advantages are its quietness of 
operation due to the elimination of the selective gearshift 
transmission and also to extreme ease of operation, because 
the driver has but two operations to perform in addition to 
steering. The latter advantage has a tendency to increase 
safety, renders fare collecting easy, saves time and lessens 
physical fatigue and mental strain on the driver. 

Some of the disadvantages of the electric drive enumerated 
by the speaker are its high initial cost and its greater 
weight, the latter being from 1250 to 1650 lb. more than that 
for a vehicle equipped with the conventional clutch and gear- 
box. The greater weight requires that more pounds per 
horsepower must be carried as’ dead-weight. The electric 
drive was said to be comparatively inefficient for vehicles 
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having low power-weight ratio. There is a slight time-lag 
at the start of acceleration which is caused by the necessity 
of building up the necessary magnetism and potential in the 
generator, but it does not become serious until traffic condj- 
tions call for 15 or more stops per mile. The further state. 
ment was made that the fuel consumption is higher with 
the electric drive. 

After describing recent developments of the electric drive 
and showing illustrations of the latest practice, Mr. Froesch 
indicated what, in his opinion, its future will be. In con- 
clusion, he said that the electric drive must stand or fall 
on its economic merit. Some disadvantages must be overcome 
before it will win the confidence of the motorcoach operators 
and claim the place it deserves in the field of automotive 
transportation. 


FEATURES OF THE DISCUSSION 


As a participant in the discussion, H. S. Baldwin, of the 
General Electric Co., said that this company built its first 
electric-drive vehicle 25 years ago; one that was equipped 
with a 12-hp. engine, weighed 2700 lb. and gave good per- 
formance. He cited instances of installations of electric- 
drive motorcoaches lately in large cities that have been or- 
dered in lots of 150 to 200 vehicles at a time and mentioned 
tests that are now being conducted near Detroit to determine 
the suitability of electric-drive motorcoaches for interurban 
transportation. He said that more than 1100 electric-drive 
motorcoaches are now being operated. 

An opportunity was accorded the members and guests to 
ride in electric-drive motorcoaches following the meeting, 
after having seen motion pictures of such vehicles under 
various conditions of operation. Slowed down motion pic- 
tures of motor-trucks traveling at a speed of 15 m.p.h. were 
also exhibited. 


THE RUBBER CONTROL 


HE demand for automobile tires increased the demand 

for rubber enormously, which increased the price and led 
to the discovery that rubber trees could be cultivated success- 
fully. Plantations were started in the British and Dutch 
East Indies and expanded rapidly, under the stimulating in- 
fluence of very remunerative prices until in 1926 production 
was found to be overdone. In 1905 world production was 
estimated at 61,000 tons, from which it increased to 124,000 
tons in 1914, 390,000 tons in 1919 and 505,000 tons in 1925. 
The increase has been all in plantation rubber, and most of 
the time since 1920 prices have been much lower than be- 
fore the development of the plantation industry. In 1912 
the average price as reported by Rubber Age wag $1.12 per 
lb. and in 1922 it had fallen to 17 cents. 

The legislation for price stabilization was adopted in 1922 
and consists of a plan for restricting exports. A survey 
was taken of all plantations, and an estimate made of the 
producing capacity of each. This “standard capacity” is the 
basis of export regulation by taxation on a sliding scale and 
related to the price of rubber in London. If the price of 
rubber declines, a super tax, not for revenue but for control, 
becomes effective upon all exports in excess of a certain per- 
centage of “standard capacity,” making excess shipments 
unprofitable. 

When the plan was inaugurated two-thirds of the world’s 
supply of rubber was coming from these British colonies, and 
the plan has worked because the influence upon the world 


supply has been sufficient to force world prices upward. It 
was not effective until accumulated stocks in world markets 
had been exhausted, but when this occurred, in the spring of 
1925, and the demand fell wholly upon current production, 
the price advanced within a few months from around 30 or 
35 cents per lb. to $1.20. At that time only 65 per cent of 
“standard production” was free for export without the super 
tax. The percentage was gradually raised, as the price 
advanced until on Feb. 1, 1926, 100 per cent was released. 
The price turned downward thereafter, and on Aug. 1, 1926, 
the super tax was applied upon exports in.excess of 80 per 
cent of “standard capacity.” 

An important fact to note is that while the restriction 
has been effective upon the price, it is also having the effect 
of stimulating production outside of the British colonies. 
No curtailment has occurred in the Dutch colonies or else- 
where outside of British territory, and the British percentage 
of the world’s production had declined in 1924 to about 50 
per cent. One direct result is the large Firestone develop- 
ment now under way in Africa, and new operations in other 
countries are planned. Thus the plan is building up per- 
manent competition for the colonial industry. Inasmuch as 
plantings require about 6 years to come into production and 
only 2 years has elapsed since the restriction became clearly 
effective upon the price, the full effects of the policy have 
not as yet become apparent.—National City Bank of New 
York. 
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OW-TEMPERATURE carbonization of coal may be de- 
fined as the heat-treatment of coal in the absence of 
air at temperatures of from 450 to 700 deg. cent. (842 to 
1292 deg. fahr.) as distinguished from the usual high-tem- 
perature carbonization at temperatures of from 900 to 1200 
deg. cent. (1652 to 2192 deg. fahr.). The aim is to keep 
the temperature low enough to prevent the decomposition 
of the primary tar and thus obtain the maximum yield of 
liquid products and at the same time produce a solid smoke- 
less fuel. Between 450 and 500 deg. cent. (842 and 932 deg. 
fahr.) the tar yield is two or three times that of the ordi- 
nary high-temperature process for making coke or gas. 
The reasons for the many attempts to devise low-temper- 
ature processes that would work on a commercial scale are 
as follows: 
(1) To obtain a larger yield of liquid fuels than can 
be obtained from high-temperature processes 
(2) To provide a smokeless, easily ignitible solid fuel 
for domestic purposes 
(3) To obtain a dry, easily pulverized, highly com- 
bustible, low volatile material for pulverized- 
fuel furnaces, and at the same time to recover 
by-products 
(4) To obtain a substitute for low-volatile semi-bitu- 
minous coal, for mixing with high-volatile swell- 
ing coals to make a suitable dense metallurgical 
coke 


Of these four objectives, the one common to all low-tem- 
perature processes is the increased yield of oil or tar. Liquid 
fuel, especially gasoline, seems essential for the continuation 
of our present highly developed system of automotive trans- 
portation. Our reserves of petroleum are much more lim- 
ited than our reserves of coal and may become inadequate to 
meet demands within the present generation, hence the in- 
terest in methods for obtaining liquid fuel from our very 
much larger supply of solid fuel. European countries that 
have no oil fields within their boundaries take a particularly 
keen interest in this problem because of the need of a home 
source of petroleum substitutes in the event of a war shut- 
ting off foreign supplies. Great Britain felt this need dur- 
ing the last war to such an extent that the Government 
established a fuel-research station having for one of its 
important problems the development of a low-temperature 
process that is commercially feasible. Germany actually did 
install and operate a number of low-temperature carboniza- 
tion plants during the latter years of the war. 

There is in England a second objective almost as impor- 
tant as the first; namely, the manufacture of an easily 
ignitible smokeless fuel for open-grate fires. The English- 
man must have his cheerful open grate, despite its low 
efficiency and the pall of smoke created by thousands of 
soft-coal fires. Abatement of this domestic source of smoke 
by providing a suitable smokeless fuel was the chief object 
of the early experiments in England. 

In Germany and in France research on low-temperature 
carbonization is undertaken mainly for the production of 
gasoline and fuel-oil substitutes and for manufacturing a 
low-volatile semi-coke for mixing with high-volatile gas 
coals to produce dense metallurgical coke. At present the 
interest in a smokeless domestic fuel is very limited. Ger- 
man engineers are investigating the possibilities of combin- 
ing low-temperature carbonization with powdered-fuel firing 
or of burning the semi-coke on chain-grate stokers in large 
central powerplants. Considerable attention has also been 
given to combining low-temperature distillation with com- 
plete gasification of the resulting semi-coke in by-product 
gas producers. 


LOW-TEMPERATURE CARBONIZATION OF COAL 





The fundamental difficulty in carbonizing coal at low tem- 
peratures is in transferring heat to the coal in\a reasonably 
short time when a relatively low-temperature gradient is 
used. Coal is a poor conductor of heat. To transfer the 
necessary amount of heat through a given volume of coal 
when the retort walls are at a temperature of 500 deg. cent. 
(932 deg. fahr.) takes much longer than when they are at 
1200 deg. cent. (2192 deg. fahr.) as in the usual high-tem- 
perature process. As the cost of the operation depends in 
a large degree upon the installation charges per ton of coal 
carbonized, accelerating the rate of carbonization becomes 
necessary, either by spreading the crushed coal in a thin 
layer on a heated surface or by agitating the coal, bfinging 
fresh portions continually in contact with the heated’ walls, 
or by passing large volumes of hot producer gas, products 
of combustion or superheated steam through the mass of 
broken coal. 

From a consideration of the many different processes that 
have been and are being tried experimentally, no one process 
has yet proved an unqualified technical success. Each has 
its peculiar problems yet to be solved and a number have 
shown promise under certain favorable conditions. The 
processes that depend on internal heating are simpler and 
require less capital expenditure per ton of coal carbonized, 
but they are limited to non-coking or weakly coking coals or 
briquetted or pretreated coals; also the gas is of low calorific 
value and the light oils cannot be recovered from the diluted 
gas except when the heating agent is superheated steam. 
Such processes, however, are promising for future develop- 
ment in combination with large central powerplants or in- 
dustries using large quantities of gas of low heating-value 
when diminishing supplies of petroleum shall create a de- 
mand for the oils obtainable by low-temperature carboniza- 
tion. 

The processes that show relatively higher costs and use 
externally heated retorts will probably find their most advan- 
tageous field in making relatively high-priced smokeless 
domestic fuel from a cheap non-coking or poorly coking coal 
and producing also a gas of high thermal value. These 
processes also yield several gallons of light oil that is not 
to be had from internally heated processes. Local economic 
conditions and the type of coal available are important fac- 
tors governing the selection of the most suitable process. 

Most fuel technologists experienced in gas and coke manu- 
facture are skeptical of any low-temperature process being 
commercially successful in the near future. They point out 
that the main product of the processes is semi-coke. This 
product must find an adequate market at a price that will 
make the process profitable in competition with gas and by- 
product oven coke. That any higher price can be had than 
the prevailing price of high-temperature coke sold for do- 
mestic purposes is not likely. Furthermore, this low-tem- 
perature coke from many of the proposed processes is too 
friable and porous to be used directly as a domestic fuel; 
it must first be briquetted, and this operation adds further 
cost. 


IDEAL FUTURE PROCESS OF COAL CARBONIZATION 


The low-temperature carbonization of coal furnishes a 
yield of gasoline substitutes that is little if any larger than 
that obtainable from existing high-temperature processes. 
Low-temperature tar is essentially a fuel-oil substitute. In- 
creased yields of gasoline require the hydrogenation and 
cracking of these tars, or reduction of the phenols. A more 
promising method for producing fuels of low boiling-point 
is by direct synthesis from carbon monoxide and hydrogen. 
From Bureau of Mines Technical Paper No. 396, by A. C. 
Fieldner. 
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